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Children readily accept candy-flavored Tedral 
Pediatric Suspension, formulated especially for 
the small fry. Tedral Pediatric Suspension is a 
half-strength preparation, easily and safely admin- 
istered. Tedral Pediatric Suspension — supplied in 
half pints for half-pint patients. Each teaspoonful 
(5 cc.) contains the following: 


theophylline (1 gr.) . ...... to relieve constriction 
ephedrine HCI (3,16 gr.) . . . . . . to reduce congestion 
Q phenobarbital (1 16 gr.). . . . . . for moderate sedation 


posace: Children 6 to 12 years: | teaspoonful. 


Children over 12 years: 2 teaspoonfuls. May be repeated 
every 4 hours, preferably after meals. 


Children under 6 years: smaller doses in proportion to age. 
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CONTENTS 
Editorial 


Clinical Studies 


Acute Nephritis Unrelated to Group A Hemolyuc Streptococcus Infection. Report of 
Ten Cases . RICHARD C. Bates, ROBERT B. JENNINGS AND Davin P. 510 
In a study of unusual interest, the authors’ findings in an epidemic of acute hemorrhagic nephritis 
associated with pharyngitis ruled out recent group A hemolytic streptococcal infection as the causa- 
tive factor; a viral etiology of the nephritis is suggested although not established. The glomerular 
lesions, which renal biopsy disclosed to be focal in distribution, were manifested clinically chiefly by 
brisk hematuria and some proteinuria. Recovery was uneventful and usually rapid. It would appear 
that these observations describe a new form of acute hemorrhagic nephritis which, if not hitherto 
altogether unsuspected, has not been convincingly defined. 


A Syndrome of Renal Sodium Loss and Hyponatremia Probably Resulting from Inap- 
propriate Secretion of Antidiuretic Hormone 

WititiaAM B. SCHWARTZ. WARREN BENNETT, SIDNEY CURELOP 

AND FREDERIC C. BARTTER 


In a thorough study of unusual interest, the authors call attention to a disturbance in salt and water 
metabolism which, it may safely be predicted, will be found to occur not too infrequently if searched 
for. This has to do with excessive renal sodium loss, and progressive fall in serum sodium concentra- 
tion, the urine being persistently hypertonic in respect to plasma; all without any detectable 
intrinsic defect in renal or adrenal function. A very similar abnormality can be induced in normal 
man by sufficient administration of pitressin and water; consequently it is deduced that the patients 
described suffered from excessive secretion of antidiuretic hormone, perhaps induced by some 
obscure cerebral lesion, a surmise reinforced by the results of appropriately directed tests. The 
important therapeutic inference is that intake of fluids should be restricted. It would indeed be 
easy in this situation, if the issue were not understood, to confuse the therapeutic requirements and 


give inappropriate treatment. 


Hypernatremia, Azotemia and Acidosis after Cerebral Injury 
GILBERT L. GORDON AND FRED GOLDNER 543 
The situation described in this report—excessive water loss, with dehydration, hypernatremia, 


hyponatruria, hyperkaluria, azotemia and acidosis, in prolongedly unconscious patients—is being 
recognized more and more frequently as awareness of it slowly increases. Since proper replacement 


Contents continued on page 5 


/N ORAL PENICILLIN THERAPY 


WHAT THE CRITERION 
FOR THERAPEUT/C SUCCESS 2 


A WELL PATIENT 


PRESCR/BE 


e six years of experience with Pentids in mil- 
lions of patients confirm clinical effectiveness 
and safety 


e excellent results with 1 or 2 tablets t.i.d. for 
many common bacterial infections 


e may be given without regard to meals 


e economical... Pentids cost less than other pent- 
cillin salts 


Just 1 or 2 tablets t.i.d. Bottles of 12, 100 and 500 


NEW! PENTIDS FOR SYRUP. Orange flavored powder 
which, when prepared with water, provides 60 cc. of 
syrup with a potency of 200,000 units of penicillin G 
potassium per 5 cc. teaspoonful. 


Also available: Pentids Capsules, Pentids Soluble Tab- 
lets, Pentid-Sulfas. 


SQUIBB Squibb Quality—the Priceless Ingredient 


*PENTIOS’@ 1S A SQUIBB 
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therapy revolves upon recogniuon of the water and electrolyte imbalance, and recovery hinges 
upon proper management the importance of awareness and insight needs no emphasis. All this is 
clearly brought out in the present study, which includes a lucid discussion of ‘“‘neurogenic hyper- 
natremia”’ and related phenomena, and common pitfalls in management. 


An Abnormality in Renal Function Resulting from Urinary Tract Obstruction 
NEAL S. BRICKER, EDMOND I. SHwayri, JOHN B. REARDAN, DON KELLOG, 
JOHN P. MERRILL AND JOSEPH H. HOLMEs 


There has been surprisingly little study of the polyuria, with excessive loss of water and electrolytes, 
which is apt to occur after release of mechanical obstruction of the urinary tract in elderly patients, 
certainly a common enough clinical event. This analysis of the problem, based on a study of four 
cases, is therefore welcome indeed. Using standard clearance technics, and the prevailing assump- 
tions regarding the sites and mechanisms of renal conservation of salt and water, it is concluded that 
the polyuria is essentially due to osmotic diuresis reflecting faulty tubular reabsorption of sodium 
and chloride, for the most part in the proximal convolution. The delicate problems of management 
are touched upon. 


Treatment of Renal Failure with the Disposable Artificial Kidney. Results in Fifty-two 
Patients. . . . . .  . SHIGETO AOYAMA AND WILLIAM J. KOLFF 


The introduction of Kolff’s disposable artificial kidney has simplified the clinical use of dialysis 
sufficiently to make it feasible for much wider application than hitherto. What is not yet clear is its 
clinical usefulness and limitations, hence this informative report of Dr. Kolff’s experience in 1956 
with ninety dialvses in fifty-two patients is particularly timely. It is apparent that the procedure has 
severe limitations, yet in some cases of both acute and chronic uremia can accomplish as much as 
or more than could reasonably be expected, and when all else fails. There are serious inherent 
hazards but this report indicates that these can be controlled. One may anticipate more extensive 
and earlier use of this form of management in uremia. 


(Characteristics of Leukocytes in the Urine Sediment in Pyelonephritis. Correlation 
with Renal Biopsies . . .  .K. PETER POIRIER AND GEORGE GEE JACKSON 


It has already been made clear that more precise examination of infected urine than is ordinarily 
made is necessary for establishing the diagnosis of pyelonephritis. In the present study correlations 
were made particularly between the presence of “‘granular motility” or “‘glitter’’ cells and of pale- 
staining leukocytes with the presence or absence of pyelonephritis as established by renal biopsy. 
Several interesting observations are recorded which help to clarify the significance of the occur- 
rence of these several cells in the urine sediment. The best correlation with pyelonephritis was found 
to be with the presence of pale-staining leukocytes. Plausible explanations for this correlation are 


given. 
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New Product 


CONTROL 
BLEEDING 
and 


ESTAT 


(ORGANON) 


A COMPLETE SYSTEMIC HEMOSTAT 


Adrestat complements the surgeon's skill by providing a new concept 
in the control of operative and postoperative bleeding. It promotes re- 
traction of severed capillary ends and controls capillary bleeding and ‘ 
oozing; prevents bleeding due to hypoprothrombinemia; and prevents 
or corrects abnormal capillary permeability and fragility. Indicated 
in virtually every surgical procedure and in hypoprothrombinemia. 


AVAILABLE: 


ADRESTAT capsules and lozenges, each containing: 
Adrenochrome Semicarbazone 
(present as Carbazochrome Salicylate”, 65.0 mg) 
(Vitamin K Analogue) 

Capsules in boxes of 30; Lozenges in boxes of 20 

ADRESTAT (F) —/-cc ampuls, each containing: 
5 mg Adrenochrome Semicarbazone (present as Carbazochrome Salicylate*, 130.0 mg) 
Boxes of five ]1-cc ampuls 


Organon inc. ORANGE, N. J. 


*Pat. Nos. 2,581,850; 2,506,294 
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Studies of Hyperuricemia Produced by Pyrazinamide 
JAMES H. CuLLEN, MILTON LEVINE AND JOHN M. FIORE 


Hyperuricemia Due to Pyrazinamide . . MORTON SHAPIRO AND LEROY HYDE 


The first paper further documents Dr. Cullen's interesting observation that the antituberculous 
drug, pyrazinamide, causes striking hyperuricemia which is shown to be due to decreased urinary 
excretion of urate. This response, it is demonstrated, can be modified by concomitant administra- 
tion of uricosuric drugs, a point also made in the second paper. The data suggest that the site or ac- 
tion of pyrazinamide is upon the as yet obscure tubular transport mechanisms for urate. 


Renal Function in Gout. With a Commentary on the Renal Regulation of Urate Excre- 


tion, and the Role of the Kidney in the Pathogenesis of Gout 
ALEXANDER B. GUTMAN AND ‘[’saAl FAN YU 


Renal clearance measurements were made in a large group of patients with gout and the results 

compared with the findings in non-gouty subjects. The data on glomerular filtration rate, renal 

plasma flow and maximal tubular excretory capacity corresponded, in general, with those for 

normal subjects of the same age but indicated some reduction in many instances. The filtered 

urate load was unusually increased, with a corresponding rise in tubular reabsorption of urate, ap- 
¥ parently no greater than in the normal subject at equivalent filtered urate loads. The implications 
of these findings in relation to the pathogenesis of gout are discussed. It is concluded that the evi- 
dence does not suggest a primary renal cause of hyperuricemia, due either to abnormally great 
tubular reabsorption or to deficient tubular secretion of urate. 


Review 


Salt and Water Volume Receptors. An Exercise in Physiologic Apologetics 
HoMER W. SMITH 


In this tour de force Dr. Smith considers at some length current views concerning the nature and 
operation of an essential homeostatic mechanism—the regulation of water and sodium excretion 
as affected or effected by changes in body fluid volume. In regard to the antidiuretic system, this 
includes osmoreceptors, a center in the diencephalon with its associated neural pathways, and an 
effector hormone (ADH). The concept of left atrial stretch receptors is accepted tentatively, 
diuresis being induced by inhibition of the antidiuretic system. As regards antinatriuresis, it is pro- 
posed that a regulatory system analogous to that for antidiuresis operates; it also includes a central 
nucleus (perhaps also in the diencephalon), receptors, internuncials, and at least one humoral 
effector agent which increases renal tubular reabsorption of sodium. The receptors, not now clearly 
localizable, may be sensitive to extracellular fluid volume and/or the degree of filling of specific 
arterial vessels. In any event, it is concluded, it is the constancy of osmotic concentration of body 
fluids, not of body fluid volume, which is the primary purpose of this complex apparatus. 
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Seminar on Atherosclerosis 


The Genetic Aspects of Atherosclerosis . . . . . ._ .Epwin O. WHEELER 


The role of hereditary transmission in diseases characterized by hypercholesterolemia, or for that 
matter in determining the range of variation in the serum cholesterol level of normal man, has be- 
come a subject of increasing interest, particularly in respect to susceptibility to atherosclerosis. The 
present study is an analysis of hereditary factors in twelve families bearing the genetic stigma of 
hypercholesterolemic xanthomatosis. On the basis of this limited experience the author concludes 
that the disorder is inherited as a simple Mendelian dominant. 


Clinico -pathologic Conference 


Chronic Cough, Dyspnea and Cor Pulmonale 


Clinico-pathologic Conference (Washington University School of Medicine) 


Case Reports 


Megaloblastic Anemia Associated with Diverticula of the Small Bowel 
STUART R. ‘TOWNSEND AND DouGLas C. CAMERON 
Megaloblastic anemia probably due to vitamin Bj, deficiency was associated in three elderly 
women with diverticula of the small bowel, a common and usually innocuous anomaly. The 
authors suggest a causal relationship similar in mechanism to that occurring with postoper- 
ative closed intestinal loops, and the like. 


(;angrene of the Fingers in Periarteritis Nodosa 
G. AusTIN GRESHAM AND Davip N. PHEAR 


An interesting case. 
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For anxiety, tension 
and muscle spasm 
in everyday practice. 


® well suited for prolonged 
therapy 


® well tolerated, relatively 
nontoxic 


® no blood dyscrasias, liver 
toxicity, Parkinson-like syndrome 
or nasal stuffiness 


® orally effective within 
30 minutes for a period of 
6 hours 


‘ELAXES BOTH MIND AND MUSCLE 
WITHOUT IMPAIRING MENTAL OR PHYSICAL EFFICIENCY 


Miltown 


tranquilizer with muscle-relaxant action 


dicarbamate — U.S. Patent 2,724,720 


Supplied: 400 mg. scored tablets 
200 mg. sugar-coated tablets 


Usual dosage: One or two 
400 mg. tablets t.i.d. 


Literature and samples available on request 
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Chronic renal sufficiency 


The first practical and disposable coil kidney is now 
available. Developed after years of intensive research with 
leading clinicians, the Travenol Coil Kidney, with a dialyz- 
ing area of 19,000 sq. cm., affords distinct advantages in 


cost and ease of operation. 


The efficacy of the unit is indicated by urea clearance 
figures of from 100 to 300 ml. per minute. The Coil Kidney 
is supplied ready for use. No sterilizing or autoclaving is 
necessary. And since it’s disposable, cleaning problems are 
eliminated. The low replacement cost of the disposable coil 
and the small initial investment required for the perma- 
nent tank unit make dialysis a practical and economical 


hospital procedure. 


For additional information, address inquiries to Tr avenol Labor atories, IMC. Morton Grove, Illinois 


A DIVISION OF BAXTER LABORATORIES. INC. 
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FOR TANGIBLE RELIEF tN 


PREMENSTRUAL TENSION 


prescribe a simple regimen of DIAMOX: 12-11 tablets 
daily, depending on weight, beginning 5 to 10 days 
before menstruation, or at the onset of symptoms. 


DIAMOX produces immediate improvement of physi- 
cal and emotional well-being in these patients by 
prompt control of the edema frequently associated 
with premenstrual tension. 

A versatile, well-tolerated diuretic, DIAMOX is highly 
effective in the mobilization of edema fluid, and in 
the prevention of fluid accumulation. A single dose 
is active for 6 to 12 hours, offering convenient day- 
time diuresis. Excretion by the kidney is usually com- 
plete within 12 hours with no cumulative effects. 


SUPPLIED: Scored Tablets of 250 mg. 
(Also in ampuls of 500 mg. for paren- 


SUPPLIED: Scored Tablets of 250 mg. teral use). 


(Also in ampuls of 500 mg. for paren- 


teral use). 
DIAMOX SYRUP: 250 mg. per 5 cc. tea- | 

spoonful, peach flavor. Bottles of 4 

fluid ounces. | 


ACETAZOLAMIDE LEDERLE 


CYANAMID COMPANY 


LEDERLE LABORATORIES DIVISION, AMERICAN 
*Reg. U.S. Pat. Off. 
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other antihistamine—a relative safety unexceeded 
by any other antihistamine. DIMETANE, even in very 
low dosage, has been effective when other antihis- 
tamines have failed. Drowsiness, other side effects 
have been at the very minimum. 


»unexcelled antihistaminic action 


why Dimetane is the best reason yet for you to re-examine 


the antihistamine you’re now using » Milligram for milligram, 
DIMETANE potency is unexcelled. DIMETANE has a therapeutic index unrivaled by any 


Diagnosis Response ‘Side Effects 
Excellent | Good — | 
Allergic 
rhinitis and vaso- | 
motor rhinitis 30 | 14 9 5 2 Slight Drowsiness (3) 
Urticaria and | 
angioneurotic — | 
Allergic 
dermatitis 4 Slight Drowsiness (2) 
Pruritus | | 
4 
| 3 7 2 Drowsiness (5) 
| | | | Dizzy (1) 16.2% 


From the preliminary Dimetane Extentabs studies of three investigators. Further clinical investigations will be reported as completed. 
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it's easy. to remember Di me tane 


DIMETANE © EXTENTABS ” TABLETS ELIXIR 


OIMETANE IS PARABROMDYLAMINE MALEATE — EXTENTABS 12 MG., TABLETS 4 MG., ELIXIR 2 MG. PER 5 CC. 


a blanket of allergic protection, covering 10-12 oe —e 
uits—One or two 4-mg. 8. 

hours —with just one Dimetane Extentab » DIMETANE or tio to four teaspoonful 
. Elixir, three or four times daily. 

Extentabs protect patient for 10-12 hours on one tablet. "Ons bee 
or twice daily. 
Periods of stress can be easily han- Children over 6—One tab. 

‘ or two teaspoonfuls Elizir t.i.d. 

dled with supplementary DIMETANE or q.id., or one Extentab q.12h. 

Tablets or Elixir to obtain maxi- or one naamaai meas 


mum coverage. 
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(Iproniazid) ‘Roche’ 


Marsilid ‘Roche’ is a psychic energizer — the very opposite of a tranquilizer. 
It is useful not only for mild and severe depression but for stimulation of 


appetite and weight gain, and in chronic debilitating disorders. 


What is Marsilid? 


Marsilid (iproniazid) is an amine oxidase inhibitor which affects 


the metabolism of serotonin, epinephrine, norepinephrine and other amines. 


How does Marsilid act? 


=. Marsilid has a normal eudaemonic* rather than an abnormal 


euphoric effect; it promotes a feeling of well-being and increased vitality; 
it restores depleted energy and stimulates appetite and weight gain in ’ 


chronic debilitating disorders. 


How soon is the effect of Marsilid apparent? 


Marsilid is a slow-acting drug. In mild depression it usually takes 
effect within a week or two; in severe psychotics, results may be apparent 


only after a month or more. 


What are the indications for Marsilid? 


| a m™ Mild depression in ambulatory, non-psychotic patients; psychoses 
associated with severe depression or regression; stimulation of appetite and 
weight gain in debilitated patients; chronic debilitating disorders; stimulation 
of wound healing in draining sinuses (both tuberculous and non-tuberculous); 


adjunctive therapy in rheumatoid arthritis when associated with depressed 


*Eudaemonia is a feeling of well-being or happiness; in Aristotle’s use, felicity resulting from 
life of activity in accordance with reason. 
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a psychic energizer 


(the opposite of a tranquilizer ) 


psychomotor activity (Marsilid stimulates physical and mental activity, ap- 
petite and weight gain without objective joint changes). 


What is the dosage of Marsilid? 


* 


7 + 


f ©. The daily dose of Marsilid should not exceed 150 mg (50 mg 
t.i.d.). In patients who are not hospitalized, the dosage should be reduced 
after the first 8 weeks to an average of 50 mg daily or less, for Marsilid is 
a cumulative drug. Like all potent drugs, Marsilid requires careful individual 


dosage adjustment. 


What are the potential side effects of Marsilid? 


(=m Side effects due to Marsilid are reversible upon reduction of 
dosage or cessation of therapy. It may cause constipation, hyperreflexia, 
paresthesias, dizziness, postural hypotension, sweating, dryness of mouth, 


delay in starting micturition, and impotence. 


When is Marsilid contraindicated? 


A... Marsilid is contraindicated in overactive, overstimulated or agi- 
tated patients. Marsilid therapy should be discontinued two days before 
the use of ether anesthesia. It should not be given together with cocaine or 
meperidine. In patients with impaired kidney function, Marsilid should be 


used cautiously to prevent accumulation. Marsilid is not recommended in> 


epileptic patients. 


How is Marsilid supplied? 


“=i Marsilid is supplied in scored 50-mg, 25-mg and 10-mg tablets. 


MARSILID® PHOSPHATE — brand of iproniazid phosphate (1-isonicotinyl-2-isopropylhydrazine 
phosphate) 


HOFFMANN -LA ROCHE INC + NUTLEY 10 * NEW JERSEY 
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CORN OLL Prime Source 


| 


Numerous clinical studies 
emphasize its efficacy 

in the reduction 

and control of 

serum cholesterol levels 


| Vegetable 
Oils 


sn Nutrition 


ce 
with special reference 


tu unsaturated fatty 


\ TO PHYSICIANS interested in the study and 
management of high cholesterol blood levels, 
| this most recent monograph will provide helpful 
information. It is free on request. Write to: Corn * 
Products Refining Company, 17 Battery Place, 
| New York 4, N. Y. 
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COMPARATIVE COMPOSITIONS OF FOOD FATS AND OILS 
Fatty Acids as Percentage of Total Acids 


Saturated Linoleic Linolenic Arachidonic 
Fat Ave. Range Ave. Range Ave. Range Ave. Range Ave. Average Range 
Butter — 46-48 — — 4.0 1.2 0.2 26-42 
Coconut oil — 75-88 — 5-8 — 10-25 — — _ — 7-10 
Corn oil 13 11-15 — 23-40 56 46-66 — 0.0-0.6 — 126 113-131 
Cottonseed oi! 26 21-30 27 =22-36 47 $j§34-57 — 105 90-117 
Lard 43 46 the 0.5 0.5 (2.1) 53-77 
Linseed oil — 6-12 — 13-31 — 10-27 — 30-64 — — 170-204 
Margarine G2 SS 5-11 — 0.1-0.9 81 74-85 
Olive oil — 8-16 — 53-86 — 4-20 — — — — 80-88 
Peanut oil 17 14-22 $54 4465 29 20-37 — — —_— 98 90-102 
Shortening 25 17-45 62 43-79 5 3-12 — 0.2-0.6 0-0.5 ‘78 59-80 
Tallow (beef) 53 — 42 _ 4 5.3 0.5 _ 0.5 — 40-48 


ledine Vaiue 


Iodine numbers are an accepted measure of the degree of unsaturation of vegetable oils. 


UNsaturated Fatty Acid 


Physicians are quite aware of the rapidly 
growing appreciation of the role of die- 
tary lipids in health and disease. Accum- 
ulating metabolic studies throughout the 
world indicate that serum cholesterol 
levels may be influenced more by the 
kind than by the amount of the dietary fat. 


Unsaturated fats tend to depress serum 
cholesterol levels in many patients, 
whereas saturated fats may have the op- 
posite effect. Medical references on this 
subject, as well as other findings concern- 
ing unsaturated fatty acids in nutrition, 
may be found in the book, “Vegetable 
Oils in Nutrition.” 


Mazola Corn Oil is an excellent source 
of unsaturated fatty acids...85% of its 
component fatty acids are unsaturated 
...average values being 55%< linoleic 
acid, 30% oleic acid. Mazola is unadul- 
terated corn oil in its natural form...not 
flavored, not blended, not hydrogenated. 
Well tolerated, easily digested, readily 
absorbed, Mazola is also an excellent 
carrier for fat soluble vitamins. 


Mazola Corn Oil is widely used for salad 
dressings, in frying, cooking and baking 
...and thus may be included palatably 
in great variety as a replacement for part 
of the daily fat intake. 
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CORN PRODUCTS REFINING COMPANY 
17 Battery Place, New York 4,N.Y. 
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(VITAMIN K;, MERCK) 


‘“.. vitamin Ki is more effective than any other 
agent now available in combating drug-induced 
hypoprothrombinemia.’’? “Vitamin K, appears to 
be equally effective by the oral or intravenous 
route.’’2 Beneficial effects are apparent in 6to10 
hours following oral use. 

Supplied: Oral MEPHYTON—tablets of 5 mg. of vitamin K 1, in bottles of 100. Emulsion of MEPHYTON 
—in boxes of six ]-cc. ampuls, 50 mg. of K1 per cc. 


References: 1. Gambie, J.R., et al. Arch. Int. Med. 95:52, 1955. 2. Gamble, J.R., et ai J Lab. & 
Clin. Med. 42-805, 1953. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO..INC. PHILADELPHIA 1, PA. 
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control 


through 


sympathetic 


regulatio} 


Sparen 


/ | hypertension 


*< When stress disturbs autonomic balance — by eliciting increased activity of the sympathetic 
nervous system—hypertension, tachycardia, agitation and many other symptoms you see in 
everyday practice may result. On the following pages you will see how Serpasil, through tts 

. unique ability to regulate sympathetic function, controls these symptoms... 
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...serpasil 
controls 
high blood 
pressure 


Stress situations produce stimuli which pass 
through the sympathetic nerves, constricting 
blood vessels and increasing heart rate. Hyper- 
activity of the sympathetic nervous system may 
elevate blood pressure; if prolonged, this may 
produce frank hypertension. By blocking the 
flow of excessive stimuli to the sympathetic 
nervous system, Serpasil guards against stress- 
induced vasoconstriction, brings blood pressure 
down slowly and safely. 
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Effect of 9 weeks of Serpasil therapy on blood pressure of patient with essential hypertension 


_ J. H., male, 61 years old | | 
CONTROL SERPASIL 


uty 
_ Average B.P. 135.9/86.8 mm. 


In mild to moderate hypertension, “Serpasil 
alone is effective in about 70 percent of cases... 
and is free of virtually any serious side effects.” 
In severe hypertension, where organic as well as 
functional changes are implicated, Serpasil is 
valuable as a primer. By adjusting the patient to 
the physiologic setting of lower pressure, Serpasil 
smooths the way for more potent antihyperten- 

In all grades of hypertension, Serpasil may be 
used as a background agent. By permitting lower 
dosage of more potent antihypertensives, 
Serpasil minimizes the incidence and severity of 
their side eflects. 
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Harres, Based on Personai Communication 
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Betore Serpasil E.S.: FEMALE, AGE 72 


SECONDS 
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After 20 Days of Serpasil Therapy 


24 26 28 30 32 34 36 38 


SECONDS 


04 GB 12 14 14 18 28 22 


Serpasil 
This ECG study demonstrated the heart-slowing effect of 
controls Serpasil in an elderly female. Before Serpasil the heart rate was 
110 beats per minute. After 20 days of Serpasil (0.5 mg. b.i.d.), 


‘ heart rate had fallen to 80 per minute. 
tachycardia 


Harris, R.: Based on Personal Communication. 


When stressful situations continue, unresolved, 
attendant activation of the sympathetic nervous 
system may unduly stimulate cardio-accelerator 
fibers, producing tachycardia. 


Serpasil allays stress-induced tachycardia 
through suppression of sympathetic activity. 
Cardio-accelerator impulses are inhibited and 
the normal braking action of the vagus allowed 
to predominate. As a result, cardiac efficiency 
is enhanced. 
Serpasil has been “found useful in relieving the 
tachycardia and emotional symptoms associated 

with cardiac arrhythmias, thyrotoxicosis, neuro- 
circulatory asthenia, and even coronary heart 
disease. 
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Serpasil 
controls 
agitation and 
tension 


Normal untreated monkey: Reserpine treated monkey: 
active, hostile calm and relaxed 


“The emotional life of the individual is deter- 
mined in a large measure by the functional reac- 
tivity and the balance of the autonomic nervous 
system.”’? Serpasil exerts a calming effect by 
suppressing sympathetic overactivity in auto- 
nomic centers. It benefits patients whose degree 
and type of emotional disturbance cannot be 
adequately controlled by sedatives or tranquil- 
izers which have no autonomic effects. Serpasil 
is especially suited for the treatment of emo- 
tional disorders marked by frank somatic symp- 
toms, such as hypertension and tachycardia — 
although it does not significantly affect blood 
pressure 1n normotensive patients. 


NOTE: Serpasil is not recommended as a palliative for the ordinary 
worries and cares that are normal to—and perhaps necessary to— 
the healthy human organism. It ts recommended for the patient 
who suffers from intolerable anxiety and tension that impair his 
day-to-day functioning. 
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Serpdsil controls 
other disorders seen 


In everyday practice: 


Serpasil exerts a calm- 
ing effect in women who become irritable, easily 
fatigued and apprehensive as the menstrual 
period approaches; it controls the ‘cyclic’ 
change in personality. 


Serpasil may be of 
value in averting hot flashes, headache and other 
vasomotor disturbances stemming from changes 
in autonomic function that occur during the 
female climacteric. 


Serpasil acts as an “emotional gyro- 
scope, helps the alcoholic “‘stay on the wagon,” 
makes him more amenable to counseling. Paren- 


teral Serpasil generally controls delirium 
tremens within 24 hours. 


one of the safest, least toxic, and 


most effective agents in everyday practice 


CIBA) 


AVERAGE DAILY DOSE: Initial —Iwo 0.25-mg. tablets. Main- 
tenance — After a week or more reduce to 0.1 to 0.25 mg. per day. 


SUPPLIED: J ascets, 0.1 mg., 0.25 mg., 1 mg., 2 mg. and 4 mg. 
Evixirs, 0.2 mg. and | mg. per 4-ml. teaspoon, PARENTERAL SOLU- 
TION: Ampuls, 2 ml., 2.5 mg. Serpasil per ml.; Multiple-dose Vials, 
10 ml., 2.5 mg. Serpasil per ml. 


1. Coan, J. P., McAlpine, J. C., and Boone, J. A.: J. South Carolina M.A. 

51:417 (Dec.) 1955. 2. Halprin, H.: J. M. Soc. New Jersey 52:616 (Dec.) 

1955. 38. Kuntz, A.: The Autonomic Nervous System, Lea & Febiger, Phila- e 
deiphia, 1953, p. 458. 


SUMMIT, N. J. PRINTED IN U.S.A. 2/2460M*K 


DISTINGUISHED SERVICE IN MEDICAL JOURNALISM 


THE FOR 


is proudly acknowledged by the publisher and editors of 


AMERICAN JourNAL or Clinical Nutrition 
from the AMERICAN MEDICAL WRITERS’ ASSOCIATION 


THE AMERICAN JOURNAL OF CLINICAL 
NUTRITION is recognized by this Honor 
for its unique presentation of Nutrition. 
Physicians and dietitians view this new 
journalistic approach as vital and : 
refreshing . . . important in their efforts 


| to apply nutrition to all levels of patient 
Wedrcal Ulriters 1. 
care. Special symposiums, exemplified 
by ‘‘Nutrition and Behavior’ by 
| ee Josef Brozek, Ph.D.,. are indicative of the 
continuous program of “‘planned 
journalism ’”’ that has established 
| AMERICAN JOURNAL OF CLINICAL 
NUTRITION as the practical journa! 
owe a; you need to meet the nutrition 
requirements of your patients. 
rue american yournat or Clinical Nutrition 


11 East 36th Street. New York 16. N. Y. 
SUBSCRIBE NOW!—USE THIS HANDY COUPON 


ALSO PUBLISHERS OF J THE AMERICAN JOURNAL OF CLINICAL NUTRITION I 

THE AMERICAN JOURNAL | 11 East 36th Street, New York 16, N. Y. 
OF MEDICINE 

and | Gentlemen: Kindly enter my subscription for 6 issues (one year) of | 

THE AMERICAN JOURNAL j The American Journal of Clinical Nutrition at $8.00* 
OF SURGERY 

recipients of | Name | 

The American Medical Writers’ | Address | 

Association Awards 

for 1953 and 1954, respectively. | City Zone State | 

I *Canada $8.50. Foreign $9.00 : AJM-10/57 i 


rational adjunct 


to surgery 


Each Capsule Contains: 


Thiamine 
Mononitrate (B,) 10 me. 
Metabolic demands increase when the Riboflavin (Bz) 10 mg. 
Niacinamide 100 me. 
body is subjected to surgical procedures, Dentin Hath (C) 300 mg. 
burns, fractures and illness. Under such (Be me 
\ itamin Bye 4+ mcgm. 
circumstances, restitution of depleted vita- Folic Acid 1.5 mg. 
; : Calcium Pantothenate 20 meg. 
min reserves will accelerate. body repair. Vitamin K (Menadione) 2 me. 
STRESSCAPS provide essential water- Average Dose: 1-2 capsules daily. 
soluble vitamins in a professionally ac- 
ion 


cepted formulation. 


LEDERLE LABORATORIES DIVISION, 
*™Reg. U.S. Pot. Off. 


* Physiologic Trauma 

* Endocrine Dysfunction 

* Emotional Stress 

¢ Pre- and Postoperatively 


filled secled copevules 
— 


Stress Formula Vitamins Lederle 


AMERICAN CYANAMID COMPANY, PEARL RIVER. NEW YORK 


FURADANTIN® INTRAVENOUS SOLUTION 


BRAND OF MITROFURANTOIN 


often rapidly effective: 


in systemic infections such as septicemia (bacteremia), peri- 
tonitis, and other bacterial infections as of postoperative 
wounds and abscesses, when the organism is susceptible to 
FURADANTIN ; in severe genitourinary tract infections when 
the patient is unable to take FURADANTIN by mouth. 


FURADANTIN I.V. has proven dramatically effective—often 
lifesaving—even in infections which failed to respond to 
other antibacterials. It has been administered to adults and 
children alike without serious toxic effects. 


FURADANTIN I.V. solution is dissolved aseptically in a sterile 
diluent at room temperature, just prior to use by intravenous 
drip only. Full dosage instructions and discussion of indi- 
cations and side effects are enclosed in each package. 
FURADANTIN I.V. is now available to all hospital pharmacies. 


N ITROFU RANS-—a new class of antimicrobials— 
neither antibiotics nor sulfonamides 


EATON LABORATORIES, NORWICH, NEW YORK 


now “... care of the man 
ther than merely his stomach.” 


anticholinergic 


controls 
gastrointestinal dysfunction 
at cerebral and peripheral levels 
franquilization without 
arbiturate loginess 
spasmolysis without 
belladonna-like side effects 


for awe 
and irritable colon e jleitis 


1uodenal ulcer gastric tilcer intestinal colic 
spastié e esophageal spasm 
3 G. 1. syriptoms of anxiety states 


8. Wolf & Wolf, Human Gastric Funclion 
Literature, samples, and 
personally imprinted peplic elcer 
diet booklets on requesh 


WALLACE LABORATORIES New Brunswick, N.J. 


28 
prescribe: 
. 
1 tablet t.i.d. at 
mealtime and ] D at 
2 at bedtime. 


low 
back 
pain 


begins yield hours 


‘*,. is an orally effective and 
safe antispasmodic drug. Re- 
sults are prompt, and gratify- 
ing to the patient. The number 
of office visits ... is reduced 
significantly. The dosage 
schedule is simple... side 


in Parkinsons actions are minimal...” 
jon-- 

tective toxic side actions 
Highly S© ainst were 
sigue. noted.”’ 

ess» esia Finch, J. W.: Orphenadrine ({Disipal) in 

and me : jorrneas dia Skeletal Muscle Disorders. To be published. 

ains ria 

logy _ \es- Dosage: 1 tablet (50 mg.) t.i.d. 

plepharosPas™ 4 tremor In Parkinsonism when used in 
ens rigid! cena ‘ combination with other drugs, 
mildly uP \auce smaller dosage may suffice. 
in 
sate 


Dis 


Trademark of Broosdes-Stheeman Brand of Orphenadrine HCl 
& Pharmacia. U.S. Patent No. 
2,567,351. Other patents pending. LOS ANGELES = & 
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clinical studies demonstrate that 


+ 
CAPSULES 
effectively help to 


shift atherogenic 
beta-lipoproteins 


to the more normal by means of well tolerated 
alpha-lipoproteins vegetable unsaturated fatty acids 


reduce elevated blood 
cholesterol levels 


normalize chylomicron- 

lipomicron ratios 

Stabilize function of with choline, methionine, 
the liver, site of pyridoxine (Bg) and 
normal metabolism of other lipotropics 
cholesterol, lipoproteins 

and other lipids 


Each LUFA capsule provides: 
UNSATURATED FATTY ACIDS** 378 mg. 
PYRIDOXINE HCI 2 Meg. 
CHOLINE BITARTRATE 233 meg. 
di, METHIONINE 110 mg. 
INOSITOL 40 mg. 
DESICCATED LIVER 87 mg. **from specially 

refined safflower 
VITAMIN Bi2 1 mcg. seed oil. Provides 


351U approximately 294 mg. 
ene of linoleic acid. 


VITAMIN E (dl, alpha-tocopheryl acetate) 


dosage: Therapeutic dose, 6 to 9 capsules, in divided doses with 
meals, or more as needed. Maintenance dose, one LUFA capsule 
t.i.d. with meals. 


supplied: Bottles of 100, 500 and 1000 capsules. 


Samples, literature and diet charts for patients on request. 


u. Ss. vitamin corporation - PHARMACEUTICALS 


(Arlington-Funk Laboratories, division) 
250 East 43rd Street * New York 17, N. 


results are obtained when LUFA is given as an 
adjunct to a diet adequate in protein, low in animal fat and 
moderate in fats from selected vegetable and marine sources. 
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“Darling, lexist on nicotine! But that physician! Utterly 
adamant! Said | was starting to /ook like a 

cigarette! If he thinks I’m going to gorge 

myself and become absolutely porcine .. .! 

After a//, dear Boris, | simply can’t lose my figure!”’ 


After you bring her down to earth, 
remember that what she'll probably need 
first...and most...is the essential 
B-complex. And that’s a good time for 


a good B-complex 


710248 (Abbott's B-Complex Tablets with C) 
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INFECTIONS 


INFECTIONS 
INFECTIONS 
INFECTIONS COMPLICATING INFLUENZA 


FOR ALL TETRACYCLINE-AMENABLE INFECTIONS, 
PRESCRIBE PHARMACODYNAMICALLY SUPERIOR 


SUMYCIN initial blood level ... More 
transport to infection sites .. . notable freedom from side effects. | 


Restricted sodium intake not a contraindication. Contains at most 7 mg. sodium per capsule. 


Tetracycline phosphate 
SUPPLY complex equiv. to Packaging 
tetracycline HCI (mg.) 


Capsules (per capsule) 250 ager 16 


Suspension (per 5 cc.) 125 2 oz. bottles 


Pediatric Drops 100 10 cc. 
(per cc.—20 drops) bottles 


Minimum adult dose: 250 mg. q.i.d. 


SQUIBB { Squibb Quality—the Priceless Ingredient 
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action without monilia 


SUMYCIN produces higher initial tetracycline blood levels . . : more 
immediate tetracycline transport to infection sites...notable freedom 
from side effects. 


| Tetracycline phosphate Mycostatin Packaging 
SUPPLY complex equiv. to (units) 
tetracycline HCI (mg.) 


Capsules (per capsule) 250 250,000 pga 
Half-Strength Capsules n= Bottles of 
(per capsule) 429 125,000 16 and 100 
Suspension (per 5 cc.) 125 125,000 2 oz. bottles 
Pediatric Drops 100 100,000 10 cc. bottles 


(per cc.—20 drops) 


Minimum adult dose: 250 mg. of tetracycline q.i.d. 
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possible complications. 


Mysteclin-V is effective whenever tetracycline therapy is indicated and is espe- 
cially indicated for the following patients who are particularly prone to monilial 
complications in association with broad spectrum antibiotic therapy. 


» patients on high and/or prolonged e infants, especially prematures 
antibiotic dosage . » patients on corticoid therapy 

» debilitated patients » patients who developed a 

» elderly patients previous moniliasis 


» diabetics 
Women—particularly when pregnant or diabetic—may develop monilial vulvo- 
vaginitis when treated with broad spectrum antibiotics without Mycostatin 


coverage. 
Restricted sodium intake not a contraindication. Contains at most 7 mg. sodium 


per capsule. 


Squibb Quality—the Priceless Ingredient 
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VAGINAL MONILIASIS CUTANEOUS MONILIASIS 


Mycostatin Vaginal Tablets Mycostatin Dusting Powder 
100,000 units of Mycostatin and 0.93 Gm. 100,000 units of Mycostatin per Gm. 4 oz. 
of lactose per tablet. Boxes of 15 with ap- plastic squeeze-bottles. 


plicator. Boxes of 100 without applicator. 
Mycostatin Ointment 


100,000 units of Mycostatin per Gm. 15 and 
30 Gm. tubes. 


Squibb Nystatin 


ORAL MONILIASIS INTESTINAL. MONILIASIS 
Mycostatin for Suspension AND PROPHYLAXIS 

After reconstitution with 22 cc. of distilled Mycostatin Oral Tablets 

water, each cc. contains 100,000 units of 500,000 units of Mycostatin per tablet. 
Mycostatin. 24 dose bottles with 1 cc. Bottles of 12 and 100. 


dropper. 


“MYCOSTATIN'®, ‘“MYSTECLIN’'® AND “SUMYCIN’ ARE SQUIBB TRADEMARKS 


Squibb Quality—the Priceless Ingredient 


for victory over monilial infections, 

depend upon 

effective... nonstaining ... sate 


ws. 


back at work quickly 
after neuritis... because 


PROT ANIIDE’ was started at the first visit 


Rapid relief from inflammatory neuritis—which reduces the 
cost of this painful disability by permitting patients to resume 
work quickly—is described by Smith'* and Lehrer et al.* By 
starting PROTAMIDE in the first week of symptoms, 96% of 
313 patients recovered with only one to four injections, short- 


ening the duration of disability from weeks to just a few days.” 


PROTAMIDE is a sterile colloidal tein reaction . . . virtually painless 
solution prepared from animal on administration . . . supplied in 
gastric mucosa... free from pro- boxes of ten 1.3 cc. ampuls. 


Sherman Laboratories 


Detroit 11, Michigan 


1. Smith, R. T.: M. Clin. North America, March 1957. 2. Smith, R.T.: New York Med. 5:16, 1952. 
3. Lehrer, H.W. et al.: Northwest Med. 75:1249, 1955, 
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phase of 
the cough 


syrup 


each tasty 30 ce. represents: 

Dihydrocodeinone Bitartrate 10 mg. (% gr.) 
Nembutal® Sodium........ 25 mg. (% gr.) 
Ephedrine Hydrochloride.... 25 mg. (% gr.) 


Calcium lodide, anhydrous 910 mg. (14 grs.) 
‘»Nembutal—Pentobarbital, Abbott 
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 BUTAZOLIDIN' 
GEIGY \ 


MISERABLE 
HEAD COLD COLD 


Phenaphen Plus is the physician-requested each coated tablet contains: Phenaphen 


combination of Phenaphen, an ant (2% gr.) . 162.0 mg. 
histaminic and a nasal decongestant. Phenobarbital (4% gr.) . . . . 16.2 mg. 

Hyoscyamine Sulfate .. . . 0.031 mg. 

plus 

y Prophenpyridamine Maleate. . 12.5 mg. 

Available on prescription only. Vi Phenylephrine Hydrochloride . 10.0 mg. 


when anxiety and tension “erupts” in the G. |. tract... 


GASTRIC ULCER 


PATHIBAMATE 


Meprobamate with PATHILON ® Lederle 


Combines Meprobamate (400 mg.) the most widely prescribed tranquilizer . . . helps control 
the “emotional overlay” of gastric ulcer — without fear of barbiturate heeun hangover or 
habituation... w//t PATHILON (25 mg.) the anticholinergic noted for its extremely low toxicity 
and high sfivativonees in the treatment of many G.I. disorders. 

- Dosage: 1 tablet t.i.d. at mealtime. 2 tablets at bedtime. Supplied: Bottles of 100, 1,000. 


* Trademark ® Registered Trademark for Tridihexethy! lodide Lederle 
LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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CREMIN 


LYSINE-VITAMIN SUPPLEMENT LEDERLE 


Finicky eaters are headed for a fast nutritional 
build-up with INCREMIN —tasty appetite stimulant. 


INCREMIN Offers |I-Lysine for improved protein 
utilization, and essential vitamins for their stimu- 
lating effect on appetite. 


Tasty INCREMIN 1s available in either Drops or 
Tablets. Caramel-flavored Tablets may be orally 
dissolved, chewed or swallowed. Cherry-flavored 
Drops may be mixed with milk, formula or other 
liquid. Tablets: bottles of 30. Drops: plastic drop- 
per-type bottle of 15 cc. 


Each INCREMIN Tablet 

or each cc. of INCREMIN Drops contains: 

l-Lysine 300 mg. Pyridoxine (Bs) 5 mg. 
Vitamin Bi» 25 mcgm. (INCREMIN Drops contain 1% 
Thiamine (B:; ) 10 mg. alcohol ) 

Dosage: only | INCREMIN Tablet or 10-20 INCREMIN 
Drops daily. 


S. PAT. OFF 


LEDERLE LABORATORIES DIVISION 
AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 
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ANNOUNCING ..«.« the new journal devoted to cardiovascular 


diseases as encountered on the clinical level by cardiologists and internists: 


Official Journal of the 


College of Cardiology 


VITAL...CLINICAL...NECESSARY...CURRENT 


Editorial Board 


Editor: SIMON DACK, M.D. Assistant Attend- 
ing in Cardiology, The Mount Sinai Hospital, 
Lecturer in Cardiology, Columbia University, 
Assistant Professor of Medicine, New York 
Medical College, New York, N. Y. 


Assistants Editors: paymOND HARRIS, M.D. 
Assistant Physician in Cardiology Albany Medical 
College, Cardiologist, St. Peter's Hospital, Al- 
bany, New York. 

RAYMOND 5S. MEGIBOW, M.D. Assistant Attend- 
ing Physician, The Mount Sinai Hospital, New 
York, N. Y. 

Associate Editors: asHTON GRAYBIEL, M.D., 
M.C., U.S.N., Noval School of Aviation Medicine, 
U.S. Naval Air Station, Pensacola, Florida. 


ALDO A, LUISADA, M.D. Associate Professor of 
Medicine, The Chicago Medical School and Di- 
rector, Division of Cardiology, The Chicago Med- 
ical School and The Mount Sinai Hospital, Chicago, 
Hlinois. 

GEORGE R. MENEELY, M.D. Associate Professor 
of Medicine, Vanderbilt University School of 
Medicine, Nashville, Tennessee. 

MYRON PRINZMETAL, M.D. Attending Physician, 
Cedars of Lebanon Hospital, Chief Cardiologist, 
City of Hope Hospital, Associate Professor of 
Clinical Medicine, University of Southern Coli- 
fornia School of Medicine, Los Angeles, California. 


And oa world-wide staff of forty consultants 


Applications are now being accepted for 
Charter Subscriptions at only $10. (Regular 
price, effective January 1, 1958, will be $12 
for one year, 12 issues; Canada $13, For- 
eign $14.) 


Name 


THE AMERICAN JOURNAL OF CARDIOLOGY 
11 East 36th Street, New York 16, New York 


Today there exists a real need for a journal in 
the field of cardiovascular disease oriented on 
the clinical level and directed primarily toward 
the practicing cardiologist and internist. 


This need will be answered in January, 
1958, with the publication of The American 
Journal of Cardiology. 


The new monthly journal will confine itself 
primarily to material useful in clinical cardiology. 
Laboratory and research papers will be included 
if they offer good clinical application. Special 
attention will be given to certain subspecialties 
and particular fields of interest such as: 


clinical cardiology clinical cardiac 


electrocardiography hemodynamics 
physiology cardiac surgery 
pharmacology radiology 
pathology metabolism 


pediatric cardiology coronary circulation 


aviation medicine 


The American Journal of Cardiology will be a 
publication of the YORKE Group—Publishers of 
The American Journal of Surgery and The Amer- 
ican Journal of Medicine, winners of the American 
Medical Writer’s Award. 


AJM-10/57 


Enter my order for a Charter Subscription to the American Journal of Cardiology at the 
special prepublication price of $10 for one year. 


Address 


City 


Zone State 


A Christmas GIFT 


The of 


concept diagnosis 


HEPATOBILIARY DYSFUNCTION: CANCER OF BONE 
common duct stones 


| Cancek Metastasis to the liver 
stricture of the common bile duct 


biliary stasis IMPENDING JAUNDICI 
fibrosis of the sphincter of Oddi induced by drugs such as: 
tranquilizers 
OBSTRUCTIVE JAUNDIC! 
steroids 
OSTEITIS DEFORMANS (Paget's disease ) arsenic 


no instruments needed 
laboratory aides can learn quickly 
results in 30 minutes or less 


OSPHATABS 


alkaline 


AN ORIGINAL DEVELOPMENT OF WARNER-CHILCOTT RESEARCH 


for office and laboratory screening of alkaline phosphatase levels in nonicteric and icteric patients 


TO USE: PHOSPHATABS* are available 


| in a kit containing enough reagent 
1. Place one tablet (PHOSPHATABS) in the special test tube. 
tablets, color developer 


2. Add 4 drops of serum or plasma. and TESwELLS* (controlled 
3. Crush tablet with wooden applicator stick. diameter tubes) for 48 

determinations .. . $15. 
4. Let stand for 12-30 minutes depending on room temperature 


(determine time from curve in PHOSPHATABS package insert). Phosphatabs and Teswells are 

avallable from your nearest 

5. Add one drop of PuospHaraBs COLOR DEVELOPER. 
laboratory supply distributor. 


Compare color with color chart. * TRADEMARK 


For more information write to 


ER-CHILC OTT 


MORRIS PLAINS. N. J. 
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NOLUDAR 


methyprylon 


At bedtime or for pre-dawn insomnia 
Non-pbarbiturate, 


non-habit forming 
No morning mental haze 


a ringing telephone or alarm clock 
easily rouses the patient 
at any time during sleep. 

Broad safety margin 


The physician's personal hypnotic 


} 


necessary to answer the telephone 


DOSAGE: 


two 200 mg tablets gently but firmly 

put the confirmed insomniac to sleep. 

one 200 mg tablet lulls the geriatric 

one 50 mg tablet t.i.d. provides 


Laboratories 
Unt 


| 
| Nutley 10, New Jersey 
| 


in obesity 


one of many indications for 


MYADEC 


“adequate minerals and vitamins 
must be supplied in any long-continued 4 
weight reduction program.’* 


NTYADEC Cay 


Ip)’ PARKE, DAVIS & COMPANY DETROIT 32, MICHIGAN 


when anxiety and tension “erupts” in the G. I. tract.., 


Meprobamate with PATHILON® Lederle 


the most widely prescribed tranquilizer . . . helps control 
the “emotional overlay” of duodenal ulcer — without fear of barbiturate loginess, hangover or 
habituation... the anticholinergic noted for its extremely low toxicity 
and high effectiveness in the treatment of many G.I. disorders. 
Dosage: 1 tablet t.i.d. at mealtime. 2 tablets at bedtime. Supplied: Bottles of 100, 1,000. 


* Trademark ® Registered Trademark for Tridihexethy!l lodide Lederle 
LEDERLE LAPORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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MANUFACTURING PHARMACISTS TO THE MEDICAL PROFESSION SINCE 1870 


LLoyd BROTHERS. INC. 


CINCINNATI 3, OHIO 
October 1, 1957 


SUBJECT: Erythropoietin and Cobalt 


Dear Doctor: 


Among the most intriguing of body 
processes has been the mechanism which 
regulates erythropoiesis and iron 
metabolism. Recent studies have 
connected these two subjects and have 
related the action of cobalt to both. 


yg The work of many investigators has now 
| 


culminated in the discovery of 
Erythropoietin (the erythropoietic 
They have confirmed 
that the newly discovered hormone 
controls the rate of red blood cell 
production, and that the rate of RBC 
formation controls the rate of absorp-— 


tion? and utilization of iron. 


aon ne Finally, it has been discovered that, 
“4 acting through physiologic channels, 
therapeutic cobalt .. . increases red 
cell production by enhancing the forma- 
tion of erythropoietin.® This provides 
for the first time the key to the 
treatment of anemia. 


In the common anemias, cobalt—induced 
erythropoietin provides increases in 

at RBC production resulting in a maximum 
increase in the absorption and utiliza-— 
tion of iron. This explains the superior 


We = 
a) 
= 


clinical results obtained with the 
administration of therapeutic cobalt 
and iron. 


we” Roncovite MF is the new therapeutic 


JY jr — agent based on erythropoietin formation 


a? which translates these new discoveries 


into the practical utility of full iron 
effectiveness with greatly decreased, 
better tolerated iron dosage. 


Cordially yours, 
LLOYD BROTHERS, INC. 


IX . We 


Robert H. Woodward 
RHW/JP President 


References 

1. Linman, J. W., and Bethell, F. H.: Blood 11:310, 1956. 2. a) Erslev, A. J.: Humoral 
regulation of red cell production. Blood 8:549, 1955. b) Erslev, A. J., and Lavietes, 

P. H.: Observation on the nature of the erythropoietic serum factor. Blood 9:1055, 1954. 
3. a) Gordon, A. S.; Piliero, S. J.; Kleinberg, W., and Freedman, H. H.: A plasma extract 
with erythropoietic activity. Proc. Soc. Exper. Biol. & Med. 86:255, 1954. b) Gordon, A.; 
Piliero, S.; Tanenbaum, M., and Siegel, C.: Erythropoietic action of a plasma filtrate in 
hypophysectomized rats. Proc. Soc. Exper. Biol. & Med. 89:246, 1955. 4. a) Fried, W.; 
Plzak, L. F.; Jacobson, L. 0., and Goldwasser, E.: Proc. Soc. Exper. Biol. & Med. 92:205, 
1956. b) Plzak, L., et al.: J. Lab. Clin. Med. 46:671, 1955. 5. Bothwell, T. H.; Pribella, 
W. V., and Hurtado, A.: Intro. by C. A. Finch, 6th Congress, Int. Soc. of Hematology, 
Boston, Sept. 1, 1956. 6. Goldwasser, E.; Jacobson, L. 0.; Fried, W., and Plzak, L.: 
Science 125:1085 (May 31) 1957. 


ENHANCES 


NEW RONCOVITE MF ERYTHROPOIETIN 


(MODIFIED FORMULA) FORMATION 


TO RAPIDLY CORRECT ANEMIA WITH LOW IRON DOSAGE. 


Each green enteric-coated tablet contains: 


CINCINNATI 3, OHIO 
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that didn’t make the news 


EXPECTORANT 


Quick control of cough occurring with colds or allergies is more vital to 

some patients than to others... but all welcome promptness with which 
BENYLIN EXPECTORANT gives relief. Because it provides both 
demulcent and expectorant action — plus antihistaminic-antispasmodic effect 
of Benadryl® -BENYLIN EXPECTORANT not only soothes irritation 
and makes cough more productive, but also combats bronchial spasm and 
relieves nasal congestion, sneezing, and lacrimation. Non-narcotic and 
pleasantly flavored, it is ideal for infants and children, as well as for adults. 


BENYLIN EXPECTORANT contains in each fluidounce: 
Benadryl hydrochloride 


supplied: BENYLIN EXPECTORANT is available in 16-ounce and 1-gallon bottles. 

2 

: IP): PARKE, DAVIS & COMPANY - DETROIT 32, MICHIGAN 
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ACHROCIDIN is indicated for prompt con- es 

trol of undifferentiated upper respiratory * 

infections in the presence of questionable 

middle ear, pulmonary, nephritic, or rheu- 

matic signs; during respiratory epidemics: 

when bacterial complications are observed 
r expected from the es history. 


Farly potent in is provided against 
such threatening complications as sinusitis, 
adenitis, otitis, pneumonitis, lung abscess, 
nephritis, or rheumatic states. 


Included in this versatile formula are rec- 
ommended components for rapid relief of 
debilitating and annoying cold symptoms. 


Adult dosage for ACHROCIDIN Tablets and 
new, caffeine-free ACHROCIDIN Syrup is two 
tablets or teaspoonfuls of syrup three or 
four times daily. Dosage for children 
according to weight and age. 


Available on prescription only 


symptomatic 
relief... plus! 


TETRACYCLINE-ANTIHISTAMINE-ANALGESIC COMPOUND 


Tablets 


tablet contains: 


ACHROMYCIN®) Tetracycline 125 mg. 

Phenacetin 120 mg. 

Caffeine 30 mg. >. 
Salicylamide 150 mg. 
Chlorothen Citrate 25 meg. 


Syrup 
Each teaspoonful (5 cc.) contains: 


ACHROMYCIN®) Tetracycline 


equivalent to tetracycline HCI 125 mg. 
Phenacetin 120 mg. 
Salicylamide 150 mg. 
Ascorbic Acid (C) 25 mg. 
Pyrilamine Maleate 15 mg. 
Methylparaben 4 meg. 
Propylparaben 1 mg. 


Trademark 


 Lederte} LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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WHEN HER SWEET TOOTH TROUBLES HER DIGESTION 


® 


to help her cope with carbohydrates 
avoid vitamin deficiencies 


TAKA-COMBEX Kapseals®— containing 
the starch-digestant Taka-Diastase,® 
B vitamins, ascorbic acid, and liver concentrates — 

, are available in bottles of 100 and 1,000. 


TAKA-COMBEX Elixir —containing Taka-Diastase 
and B vitamins—is available in 16-ounce bottles. 


A, 


2 
PARKE, DAVIS & COMPANY + DETROIT 32, MICHIGAN «& IP): 
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to prevent angina pectoris 


1 tablet 
all night 


Triethanolamine trinitrate biphosphate, LEEMING, 10 mg. a 


Sustained 


Simplified dose (b.i.d.) ( \cEMING 
No undesirable side reactions. 
Greater economy. : 
Usual dose: | tablet on arising, | before evening meal. Bottles of 50 tablets. 
THOs. LEEMING & Co., INC., New York 17, N. Y. *Patent applied for. 
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jyust two tablets 


at bedtime 


for gratifying 
rauwolfia response 


virtually free from side actions 


Rauwiloid” 


LOS ANGELES 


= | 


Introducing: A NEW DRUG —a significant 
Robins research discovery 
having remarkable efficacy 
in skeletal muscle relaxation 
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Significant Robins research discovery: 


a highly efficient skeletal muscle relaxant 


ROBAXIN — synthesized in the Robins Research Laboratories, and 
intensively studied for five years—introduces to the physician an 
entirely new agent for effective and well-tolerated skeletal muscle 
relaxation. ROBAXIN is an entirely new chemical formulation, with 


outstanding clinical properties: 


® Highly potent and long acting.”*® 


® Relatively free of adverse side effects.'*°**’ 


@ Does not reduce normal muscle strength or reflex activity - 
in ordinary dosage. 


® Beneficial in 94.4% of cases with acute back pain 
due to muscle 
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baxin 


Highly specific action 


ROBAXIN is highly specific in its action on the 
internuncial neurons of the spinal cord — with 
inherently sustained repression of multisyn- 
aptic reflexes, but with no demonstrable effect 
on monosynaptic reflexes. It thus is useful in 
the control of skeletal muscle spasm, tremor and 
other manifestations of hyperactivity, as well 
as the pain incident to spasm, without impair- 


ing strength or normal neuromuscular function. 


(Methocarbamol Robins, U.S. Pat. No. 2770649) 


Beneficial in 94.4% of cases tested 


When tested in 72 patients with acute back 
pain involving muscle spasm, ROBAXIN in- 
duced marked relief in 59, moderate relief in 
6, and slight relief in 3 — or an over-all bene- 
ficial effect in 94.4%.':*:**7 No side effects 
occurred in 64 of the patients, and only slight 
side effects in 8. In studies of 129 patients, 
moderate or negligible side effects occurred 


in onty 


CLINICAL RESULTS WITH ROBAXIN IN ACUTE BACK PAIN’? 


No. Duration 
of of 
Disease entity Cases Treatment 
Acute back pain due to 
(a) Muscle spasm secondary 18 2-42 days 
to sprain 
(b) Muscle spasm due to 13 1-42 days 
trauma 
(c) Muscle spasm due to 5 4-240 days 
nerve irritation 
(d) Muscle spasm secondary 30 2-28 days 
to discogenic disease 
and postoperative 
orthopedic procedures 
Miscellaneous (bursitis, 6 3-60 days 
torticollis, etc.) 
TOTAL 72 


Dose Response 
per day 
(divided) Marked Mod. Slight Neg. Side Effects 
3-6 Gm. 17 1 oO 0 None, 16; 


Dizziness, 1; 
Slight nausea, 1. 


2-6 Gm. 8 1 3 1 None, 12; 
Nervousness, 


2.25-6 Gm 4 1 0 0 None, 5. 

1.5-9 Gm. 24 3 0 3 None, 25; 
Dizziness, 1; 
Lightheadedness, 2; 


Nausea, 2.* 


4-8 Gm. 6 0 0 0 None, 6. 


59 6 3 4 


*Relieved on reduction 
of dose 


4 
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NOW 


a highly specific skeletal muscle relaxant... 


(Methocarbamol Robins) 


This new drug—for use in the control of skeletal muscle 
hyperactivity in many disease states manifesting 
neuromuscular dysfunction—is available NOW 

on your prescription at all leading pharmacies. 
Informational literature is available on request. 


Indications: 

Acute back pain associated with: (a) muscle 
spasm secondary to sprain; (b) muscle spasm 
due to trauma; (c) muscle spasm due to nerve 
irritation; (d) muscle spasm secondary to disco- 
genic disease and postoperative orthopedic pro- 
cedures; and (e) miscellaneous conditions such 
as bursitis, torticollis, and related conditions. 


Dosage: 


_ApULTs: 2 tablets 4 times a day to 3 tablets 6 


times a day. 


CHILDREN: Total daily dosage 270 to 335 mg. 
per 10 pounds of body weight, adjusted for age 
and weight, and divided into 4 to 6 doses per day. 


Supplied: 

RosBaxIn Tablets (white, scored), each contain- 
ing methocarbamol [3-(o-methoxyphenoxy) -2- 
hydroxypropyl-l-carbamate], 0.5 Gm. Bottles 
of 50. 


References: 

. Carpenter, E. B.: Publication pending. 

. Carter, C. H.: Personal communication. 

. Forsyth, H. F.: Publication pending. 

. Freund, J.: Personal communication. 

. Morgan, A. M., Truitt, E. B., Jr., and Little, J. M.: 
J. American Pharm. Assn. 46:374, 1957. 

. Nachman, H. M.: Personal communication. 

. O'Doherty, D.: Publication pending. 

. Truitt, E. B., Jr., and Little, J. M.: J. Pharm. 
& Exper. Therap. 119:161, 1957. 
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A. H. ROBINS C0., INC., Richmond 20, Virginia 


Skin graft donor site after 2 weeks’ treatment with... 


petrolatum gauze-still | FURACIN gauze— 
largely granulation tissue completely epithelialized 


OBJECTIVE EVIDENCE OF 
SUPERIOR WOUND HEALING 


was obtained in a quantitative study of 50 donor 

sites, each dressed half with FURACIN gauze, 

half with petrolatum gauze. Use of antibacterial 
FURACIN Soluble Dressing, with its water-soluble base, 
resulted in more rapid and complete epithelialization. 
No tissue maceration occurred in FURACIN-treated 


areas. There was no sensitization. 
Jeffords, J. V.,and Hagerty, R. F.: Ann. Surg. 145:169, 1957. 


FURACIN’®, @ e brend of nitrofurazone 


the broad-range bactericide that is gentle to tissues 


spread FuRACIN Soluble Dressing: FURACIN 0.2% in water- 
soluble ointment-like base of polyethylene glycols. 


sprinkle FURACIN Soluble Powder: FURACIN 0.2% in powder 
base of water-soluble polyethylene glycols. Shaker-top vial. 


spray FuRACIN Solution: FURACIN 0.2% in liquid vehicle of 
polyethylene glycols 65%, wetting agent 0.3% and water. 


EATON LABORATORIES, NORWICH, N.Y. 


Nitrofurans—a NEW class of antimicrobials—neither antibiotics nor sulfonamides 
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INTRAVENOUS Compatible with common 
IV fluids. Stable for 24 hours in 
solution at room temperature. Aver- 
age IV dose is 500 mg. given at 12 
hour intervals. Vials of 100 mg., 


250 mg., 500 mg. 


THERAPEUTIC BLOOD LEVELS ACHIEVED 


Many physicians advantageously use 
he parenteral forms of ACHROMYCIN 


in establishing immediate, effective 
antibiotic concentrations. With 


ACHROMYCIN you can expect prompt 


; 


t1 
or for patients unable to take oral 
medication. Convenient, easy-to-use, 
ideally suited for administration 

in office or patient's home. Supplied 
in single dose vials of 100 Mg. , (no 
refrigeration required). 


af 


: ochioride 
etraoycline HCl ederle 


IN MINUTES -- SUSTAINED FOR HOURS 


control, with minimal side effects, 

over a wide variety of infections - 

reasons why ACHROMYCIN is one of to- 
day's foremost antibiotics. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK > 
@RLG. VU. 5S. PAI. OFF. 
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in bronchial asthma and respiratory allergies 


specify the buffered “predni-steroids”’ 
to minimize gastric distress | 


® 
combined steroid-antacid therapy... 
‘Co-Deltra’ or ‘Co-Hydel- Multiple 


tra’ provides all the bene- Compressed (Prednisone buttered) 


. ; Tablet 
fits of ‘‘predni-steroid”’ 
therapy and minimizes the 


likelihood of gastric distress BG © 
which might otherwise im- Kk. "4 

pede therapy. They provide ee = 

easier breathing—and 

smoother control—in bron- 2:5 ™8- or 5.0 mg. 


of prednisone or 


chial asthma or stubborn pyednisotone, plus (Prednisolone buffered) 
respiratory allergies. 300 mg. of dried 
SUPPLIED: Multiple Compressed S 
Tablets ‘Co-Deltra’ or ‘Co-Hy- gel and 50 mg. : 
deltra’ in bottles of 30, 100, and of magnesium 
ae trisilicate. MERCK SHARP & DOHME 
‘CO-DELTRA’ and ‘CO-HYDELTRA’ are 
PA. 


registered trademarks of MERCK & Co., INC, 
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CLI Ni / CAL experience in the 


treatment of respiratory tract infections with 


SIGNEMYCIN 


OLEANDOMYCIN TETRACYCLINE-PHOSPHAME BUFFERED 


acute pharyngitis 

pneumonia 

ple TE MET) 

otitis merhia 

hronchitis 

sinuritis 

hronchiectasis 

tonsillitis 

influenza 

hronchopne 

pansinusitis 

laryngitis 

trachettis 

ethmoiditis 

streptoceccal pharyngitis 

nasopha itis 

tracheobronchitts 

bacterial pneumonia due to 
resistant pneumococci, 
staphylococci, or mixed flora 

viralor nonspecific 
pneumonia not responsive 
to other therapy 

lung abscess 

follicular tonsillitis 

pharyngitis caused by 
resistant staphylococci, 
Streptococcus viridans, 
or hemolytic Streptococcus 


lobar pneumonia 


viral URI 


Referencea: 1. Case reports in the Pfizer Medical 
Department Files from fifty-three clinicians, and 
the following published reports: Shubin, H.: 
Antibiotic Med. & Clin. Therapy 4:174 (March) 
1957. Carter, C. H., and Maley, M. C.: Antibi- 
otics Annual 1956-1957, New York, Medical En- 
cyclopedia, Inc., 1957, p. 51. Winton, S. S., and 
Chesrow, E.: Ibid., p. 55. LaCaille, R. A., and 
Prigot, A.: Ibid., p. 19. 


*Trademark 
¢Trademark, oleandomycin tetracycline 


of patients with 
respiratory 
infections 
treated with 
Signemycint} 
patients showed 
an excellent 
or good response 
patients had 
fair response 
patients hada 
poor response 
and with 
outstanding 
safety and 
toleration patients had 
no side effects 


Increasing use of Signemycin V and other Signemycin formulations has con- 
firmed the value of this agent in the armamentarium of the physician treating 
antibiotic-susceptible infections, particularly those seen at home or in office 
where susceptibility testing may not be practicable and where’ 

immediate institution of the most broadly effective therapy is Pfizer 


necessary. 


World leader in antibiotic development and production 
PFIZER LABORATORIES, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 
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visceral eutonic 


PLAIN AND WITH PHENOBARBITAL 


e normalizes visceral tone and motility 


« does not interfere with digestive secretions 


« avoids “antispasmodic” side effects 
« prescribed q.i.d. for gastroduodenal and biliary spasm, cardiospasm, 


tability 
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DACTIL is the only brand of N-ethyl-3-piperidyl diphenylacetate hydrochloride. 
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MAJOR ADVANCE IN FEMALE HORMONE THERAPY 


With NORLUTIN you can now prescribe truly effective oral progestational therapy. Small oral doses 
of this new and distinctive progestogen produce the biologic effects of injected progesterone. 


nercetied potenc:> 


vsurpassed efficac. 


a 
Presecretory to secretory endometrium The x-ray diffraction pattern of NORLUTIN distinguishes 
after 5 days’ treatment with NORLUTIN. _ its crystal structure from that of other progestogens. 


NOwLUTIN: Conditions involving a deficiency in progestogen, 
such as primary per secondary amenorrhea, menstrual irregularity, functional uterine 
bleeding, infertility, habitual abortion, threatened abortion, premenstrual tension, dys- 


menorrhea. 
5-mg. scored tablets (C.T. No. 882), bottles of 30. 
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dramatic antihypertensive action * 


*Kwictitating membrane of the dog, before and 8 hours after 2 mg./kg. 
Ecolid, shows dramatic ganglionic blocking action. In clinical 
medicine, this newer, longer acting ganglionic blocker has reversed 
the course of severe hypertension in many patients, prolonging 
their lives. Please become completely familiar with Ecolid® chloride 


(chlorisondamine chloride CIBA) before using it. Complete literature 
available from Medical Service Division,C J] B A Summit, N. J. 
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We're troubled with a quandary syndrome 


The leading symptom is: Would you 
prefer to receive only that pharmaceutical 
product information which you request’? 
Presuming that you might, we're offering 
a method for you to control your mail. 


Currently, we're sending no regular THE 
mailings for product promotion. But, of 
course, the information Is available. Simply S. E. MASSENGILL 
write on your R blank the names of the COMPANY 
Massengill products you’re interested in, Bristol, Tennessee 


and mail it to us. Forthright, we'll for- 
ward the literature. 

Just to remind you, over the page we've 
listed a number of the leading Massengill 
pharmaceutical products. Please write to 
us, if you want more information about 
any of them. 


please turn the page 


| 
| 


Write directil 


THE S. E. MASSENGILL COMPANY | 


Bristol, Tennessee 


Obedrin® To help the overweight patient establish 
correct eating patterns. 


Homagenets” The only solid homogenized vitamins. 
Three formulas: prenatal, pediatric, and therapeutic. 


Livitamin® The preferred hematinic, with peptonized 
iron. 


Salcort® Cortisone-salicylate therapy, without undesir- 
able side reactions. 


Massengill® Powder The non-irritating douche which 
enjoys unusual patient acceptance. 


Aminodrox” Wider usefulness for aminophylline. De- 
pendable, convenient oral therapy. 
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Back Jssues Wanted 


(MUST BE IN GOOD CONDITION) 


will pay $1.00 per copy for 
the following issues: 


January 1948 
February 1948 
November 1949 
May 1955 
August 1955 
September 1955 
May 1957 


Send to 


The American Journal of Medicine, Inc. 
11 East 36th Street, 


THE AMERICAN JOURNAL OF MEDICINE 


New York 16, N. Y. 


single 
sulfonamide 
specifically for 
urinary tract 
infections 


direct / effective 
“THIOSULFEIL. 


Brand of sulfamethizole 


greater solubility 
means rapid 
action with 
minimum side effects 


AYERST LABORATORIES 
New York, N. Y. « Montreal, Canada 
565? 
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THE PURIFIED ALKALOID COMPLEX OF RAUWOLFIA 
HAS LESS SIDE EFFECTS 
TOTAL THERAPEUTIC ACTIVITY 


Rautensin (the alseroxylon complex of Rauwolfia 
serpentina) provides all effective antihypertensive 
alkaloids, including both rescinnamine and reserpine. 
Rautensin produces a gradual and sustained drop in 
blood pressure, and calms and soothes the patient 
without loss of mental alertness. Patients on this regimen 
show a marked reduction of anxiety simultaneously with 


Ra te Nn n an increase in intellectual and psychomotor efficiency. 


The alseroxylon complex of Rauwolfia was found less 
prone to cause mental depression.? Rautensin does not 
usually cause drowsiness. It is purified and therefore 
free of inert dross present in the whole root. 


1. Wright, W.T., Jr.; Pokorny, C., and Foster, T.L.: J. 
Kansas M. Soc. 57: 410 (July) 1956. 


2. Moyer, J.H.; Dennis, E., and Ford, R.: A.M.A. Arch. 
Int. Med. 96: 530, 1955. 


Each tablet contains 2 mg. purified Rauwolfia 
serpentina alkaloids (alseroxylon fraction) 


SMITH-DORSEY « Lincoln, Nebraska « a division of The Wander Company 
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a little 
calcidrine 
goes 
a long way 
treat 
bad cough 


syrup 


each tasty 30 cc. represents: 


q Dihydrocodeinone Bitartrate 10 mg. (% gr.) 
Nembutal® Sodium........ 25 mg. (% gr.) 


Ephedrine Hydrochloride. ... 25 mg. (% gr.) 


Calcium lodide, anhydrous 910 mg. (14 grs.) 


®Nembutal—Pentobarbital, Abbott 


yk 
4 
j 
4 
4 
‘ x 
& 
% 
4 
3 
gh 
a 
4 
: 
: 
og 


levels 


Q 
Q 


\o 


‘ » 
. 


announcing... 
a new practical 
and effective method 
tor lowering blood 
cholesterol levels... 


Arcofac 


ust one dose a day effectively 
owers elevated blood cholestero 


... While allowing the patient 
to eat a balanced .. . nutritious... 
and palatable diet 


Each tablespoonful of emulsion contains: 


GB Gm. 
Mixed tocopherols (Vitamin E) 11.5 mg. 


(sodium benzoate as preservative) 


Arcofac is effective in small doses 
and is reasonable in cost 
to the patient 


THE ARMOUR | 
LABORATORIES 


A DIVISION OF ARMOUR AND COMPANY 
KANKAKEE, ILLINOIS 


Armour...Cholesterol Lowering... Factor 


6] 
A 


6? 


LEW 


TETRACYCLINE-PHOSPHATE BUFFERED 


CUPsU les —given orally, produce 


“markedly higher serum concentrations than those 
obtained with tetracycline hydrochloride.””! 

Therapy with activated Tetracyn V thus provides 

a higher, faster activity level of tetracycline, 
established as outstanding in effectiveness and safety 
among broad-spectrum antibiotics. 
Supplied: Capsules, each containing 

tetracycline equivalent to 250 mg. tetracycline 
hydrochloride, phosphate buffered. 


POTENT, PROMPT, PROLONGED CONTROL OF 
TETRACYCLINE-SUSCEPTIBLE INFECTIONS 


TETRACYCLINE-PHOSPHATE BUFFERED 


homogenized syrup 


Orange-flavored, specially homogenized liquid 
preparation of activated tetracycline assures faster, 
higher levels of broad-spectrum therapy and 
assures acceptance by patients of all ages. 


Supplied: Each 5 cc. teaspoonful of Tetrabon V contains 
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Editorial 


Cyclical Edema 


YCLICAL episodes of edema in the absence of 
demonstrable cardiac, renal or hepatic 
disease constitute a well recognized clinical 
entity which is confined almost entirely to adult 
female patients |7|]. The maximal gain in weight 
is observed most frequently during the im- 
mediate premenstrual period but may appear in 
midcycle or following cessation of menstruation. 
The syndrome has been observed in_ post- 
menopausal patients as well. 

Obesity increases the predisposition to cyclical 
edema. The retention of sodium and water is 
usually associated with increased nervousness 
and irritability and in the more severe cases 
with headache and nausea. Patients with the 
more serious and persistent form of the syndrome 
often exhibit deep-seated psychologic disturb- 
ances. These abnormalities may be overlooked or 
minimized by the physician during the initial 
examination if his attention is focused on un- 
covering serious organic disease. The presence 
of a significant psychologic factor in so many 
of these patients and the apparent interruption 
of the edema cycles which has been observed in 
some patients with psychotherapy alone [2] 
emphasize the effect of this influence on the 
disabling complaints associated with the syn- 


‘ THorn, G. W., Renown, A. E., Froescu, E. R. and 
CrasseE, J. Pathophysiology of edema. Helvet. med. Acta, 


23: 3, 1956. 
2 Rizzo, N. D., Fox, H. M., J. C. and 


Tuorn, G. W. Concurrent observations of behavior 
changes and of adrenocortical variations in a cyclo- 
thymic patient during a period of 12 months. Ann. Int. 


Med., 41: 798-815, 1954. 
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drome and perhaps even on the genesis of the 
pathophysiologic changes. 

Recently it has been demonstrated that pa- 
tients with cyclical edema may exhibit elevated 
levels of aldosterone in the urine [7,3]. One might 
also predict that in some patients high levels of 
antidiuretic hormone (ADH) will also be found. 
What do these hormonal changes imply? Why is 
this syndrome rarely seen in men who are 
equally well supplied with endogenous aldoster- 
one and ADH? Through what mechanisms may 
psychologic disturbances precipitate excessive 
fluid retention? In discussing these questions one 
must first consider certain well established 
physiologic principles. 

Cycles. Cyclical changes in important bio- 
logic constituents of the body are known to occur 
in both men and women. The magnitude of the 
changes is far greater in women and obviously 
more complex. Not only do the cyclical changes 
involve alterations in hormonal secretions and 
mineral metabolism, but more recently the 
importance of cyclical changes in blood and 
alveolar carbon dioxide levels has been re- 
emphasized. Striking changes in carbon dioxide 
levels appear regularly in relation to the onset of 
menstruation and pregnancy. Of great interest 
is the recent observation [4] that the administra- 
tion of progesterone results in alteration in the 
level of alveolar carbon dioxide in both male and 


LuETSCHER, J. A., JR. and LieBeRMAN, A. H. Idio- 
pathic edema with increased aldosterone output. 7r. Am. 
A. Physicians. (In press.) 

* HEERHABER, I., Logescncu, H. H. and WEsTPHAL, U. 
Eine Wirkung des Progesterons auf die Atmung. Arch. 
f. d. ges. Physiol., 250: 42, 1948. 
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female subjects [4,5]. Similar changes have not 
been observed with other male or female sex 
hormones or with 17-hydroxysteroids. It is not 
necessary to point out the direct effect which 
changes in carbon dioxide tension may exert on 
the activity of critical regulating centers in the 
brain. The early establishment of a funda- 
mental cyclical rhythm alternately involving 
the retention and release of sodium and water 
provides the female patient with a deep-seated, 
well integrated mechanism which may in times 
of stress be subject to pathologic variations. The 
association, normally, of fluid retention with 
ovulation, menstruation and pregnancy further 
identifies this particular physiologic phenomenon 
with climactic experiences. 

Female Sex Hormones. It is well known that 


estrogens and progesterone are capable of 


inducing sodium retention [6| and that an ap- 
preciable number of normal women, particularly 
if obese, retain increased quantities of sodium, 
chloride and water during the immediate pre- 
menstrual period [7]. Such retention is often 
associated with increased nervousness, irritabil- 
ity and restlessness. To date it has not been pos- 
sible to correlate excessive fluid retention in these 
patients with greater than normal estrogen or 
progesterone (pregnandial) excretion. The mag- 
nitude of the salt and water retention is dimin- 
ished but not abolished by hysterectomy. Studies 
on a patient following bilateral ovariectomy 
failed to disclose significant cycles of sodium 
and chloride retention [7]. 

The absence of cyclical edema in female pa- 
tients prior to the menarche and the relative rarity 
of the syndrome in postmenopausal women sug- 
gest the importance of the cyclical changes in 
female sex hormone secretion as a conditioning 
mechanism through which excessive retention of 
salt and water may occur. There is no evidence 
at present, however, to indicate that a quantita- 
tive change in female sex hormone secretion is 
the critical factor in precipitating the develop- 
ment of the syndrome. 


> Rosin, E. D., Tver, J. N., Travis, D. M., Crump, 
C. H. and Tuorn, G. W. The effect of progesterone on 
the respiration of normal males and patients with chronic 
hypercapnia. To be published. 

6 THorn, G. W. and EncEL, L. L. The effect of sex hor- 
mones on the renal excretion of electrolytes. J. Exper. 
Med., 68: 299-312, 1938. 

G. W., Nextson, K. R. and THorn, D. W. 
A study of the mechanism of edema associated with 
menstruation. Endocrinology, 22: 155, 1938. 


Aldosterone. The demonstration of elevated 
urinary aldosterone levels in female patients 
with cyclical edema immediately raises the 
question of whether or not the development of 
the syndrome is dependent upon _ increased 
aldosterone secretion. Primary hyperaldosteron- 
ism, as exemplified by the Conn syndrome, is 
characterized by hypokalemia, hypochloremia, 
a metabolic alkalosis, a normal sodium concen- 
tration in the urine and no edema. Secondary 
hyperaldosteronism is characterized by edema 
and a low urinary sodium concentration. Thus 
it would appear that female patients exhibiting 
cyclical episodes of edema with increased aldos- 
terone values probably represent a form of 
secondary hyperaldosteronism. This may have 
been initiated during the development of the 
syndrome and is most certainly enhancedby 
procedures designed to mitigate it, 1. e., dietary 
sodium restriction and diuretics such as diamox® 
and mercurial administration. To evaluate the 
role of elevated urinary aldosterone values (and 
presumably increased secretion of aldosterone) 
it has been suggested that amphenone, or 
similarly acting substances, be administered in 
an effort to determine the effectiveness of 
reducing aldosterone levels on urinary sodium 
excretion [7,8]. It has been shown that certain 
patients with edema due to congestive failure or 
hepatic cirrhosis fail to respond to amphenone 
with a brisk sodium diuresis whereas other 
patients may respond rather promptly. Thus, 
although one could not, from studies of this type, 
deduce the factors which lead to increased aldos- 
terone in patients with cyclical edema, one 
could, at least, obtain evidence of the patho- 
genetic significance of the hyperaldosteronism in 
the syndrome at the time amphenone is admin- 
istered. There would appear to be no doubt but 
that in certain patients the magnitude of the 
cyclical edema is enhanced by increased aldos- 
terone secretion. There is no evidence at present 
to indicate that the hyperaldosteronism is 
primary. 

Antidturetic Hormone (ADH). It is difficult to 
assess the role of altered ADH secretion in the 
development of the syndrome. A slow, steady 
gain in weight associated with sodium retention 
and low urinary sodium concentration suggests 
that salt-retaining factors are primarily responsi- 


RENOLD, A. E., CraApse, J.. HERNANDO-AVENDANO, 
L., Nextson, D. H., Ross, E. J., Emerson, K., Jr. and 
Tuorn, G. W. Inhibition of aldosterone secretion by 
amphenone in man. New England J. Med., 16-21, 1957. 
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ble for the edema and that water retention is 
secondary. Weight gain with a normal urinary 
sodium concentration, or very rapid gain in 
weight over a period of twenty-four to thirty-six 
hours, with oliguria, suggests increased ADH 
activity. Such a case of cyclical edema in which 
oliguria and the symptoms of water intoxication 
became manifest with great suddenness after 
the cessation of menstruation has been encoun- 
tered by the author. To date, difficulties in 
assaying the antidiuretic hormone have 
limited investigation of disturbances of the 
mechanism in patients with cyclical edema. 

Capillary Permeability. Alteration in capillary 
permeability would provide a simple explanation 
for cyclical retention of fluid. Attempts have 
been made to establish the presence of alteration 
in capillary permeability in patients with cyclical 
edema but conclusive changes have not been 
demonstrated. It is recognized, of course, that a 
subtle change in permeability probably non- 
detectable by present methods, operating over a 
period of hours or days could account for the 
accumulation of an appreciable quantity of 
fluid. It is interesting to note that a number of 
patients with cyclical edema have experienced a 
severe streptococcus infection early in life, 
suggesting the possibility of injury or increased 
sensitization of capillary epithelium to subse- 
quent stress. 

Organic Disease. ‘he presence of renal disease 
or heart disease may, of course, markedly en- 
hance the quantity of fluid retained during the 
premenstrual period [9]. This response can, at 
times, become so marked as to suggest a serious 
change in the underlying organic process. 
Obviously, factors such as hypoproteinuria, 
congestive heart failure, hepatic cirrhosis and 
renal disease may be expected to enhance the 
quantitative aspects of cyclical edema. The 
physician is well advised to keep this fact in 
mind, particularly in female patients who are 
scheduled to undergo elective cardiac surgery. 

Other Considerations. Patients sometimes com- 
plain of “‘distention”’ or increased girth without 
necessarily exhibiting an appreciable increase in 
weight. In most patients this does not appear to 
be due to distention of the bowel but may be 
explained by alterations in intra-abdominal 

*Tuorn, G. W. Physiologic considerations in the 


treatment of nephritis. New England J. Med., 229: 33-48, 
1943. (The Shattuck Lecture, May 25, 1943.) 


OCTOBER, 1957 


pressure as a result of changes in skeletal muscle 
tone. Increased food intake, salt craving and 
polydypsia all enhance the total effect brought 
about by physiologic mechanisms which induce 
salt and water retention. Behavioral changes 
including increased irritability and restlessness 
are common accompaniments of the syndrome. 
Finally, it should be noted that the symptoms 
expressed by a patient may be entirely out of 
proportion to the physical changes involved— 
suggesting the importance of phantasies con- 
cerning the body image in the symptomatology 
of the syndrome. 

Conclusion. Important cyclical changes in 
salt and water balance become firmly established 
at an early date in the reproductive life of the 
female. Alterations in the secretion of female sex 
hormones, aldosterone and ADH provide impor- 
tant mechanisms through which this normal 
phenomenon may be enhanced. Alterations in 
capillary permeability and in fluid and salt 
intake provide additional means by which the 
total change may be effected. Obesity and cer- 
tain organic diseases enhance the magnitude of 
the response. The close neuroregulatory control 
involved in all of these physiologic mechanisms, 
coupled with the demonstration of significant 
underlying psychologic factors in many patients, 
suggest that the cyclical episodes of edema may 
be explained as an exaggeration of a normal 
phenomenon by emotional stress. This concept 
gains support from the fact that symptomatology 
is so often out of proportion to the quantity of 
salt and water retained, and that psychothera- 
peutic measures alone apparently — influence 
the cycles in some cases. Certainly the pre- 
occupation of the physician with metabolic 
minutia to the exclusion of psychologic and 
emotional factors is almost certain to lead to 
failure in treatment. To emphasize the impor- 
tance of psychologic factors in the genesis and 
clinical manifestations of this syndrome, the 
term ‘“‘psychlical edema’ has been suggested. 
An appreciation of the importance of psychologic 
as well as physiologic factors in these cases may 
help to minimize the use of diuretics and 
hormonal agents and prevent unnecessary sur- 
gery such as ovariectomy and adrenalectomy! 


GEORGE W. THORN, M.D. 
Peter Bent Brigham Hospital, 
Boston 15, Massachusetts. 
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ONSIDERABLE Clinical, bacteriologic and im- 
& munologic evidence indicates that the great 
majority of instances of acute glomerulonephritis 
follow group A hemolytic streptococcal infec- 
tions [7-8]. Longcope |7], for instance, found 
evidence of preceding group <A_ hemolytic 
streptococcal infections in 72 per cent of thirty- 
six patients with acute glomerulonephritis (type 
A). Likewise, Lyttle and his colleagues [8], using 
serial measurements of the serum antistreptolysin 
titer, demonstrated recent streptococcal infection 
in 94 per cent of 116 cases of acute nephritis. 

Rammelkamp and his co-workers |9-77] have 
shown that several strains of hemolytic strepto- 
cocci, notably type 12 and to a lesser extent types 
4 and 25, are most commonly associated with 
acute glomerulonephritis. Rammelkamp’s ob- 
servations have been confirmed [72-75| and 
recently an epidemic of acute glomerulonephritis 
associated with infections due to a previously 
unrecognized type of group A_ hemolytic 
streptococci has been described | /6}. 

Despite the obvious frequency of the associa- 
tion of group A hemolytic streptococcal infec- 
tions with acute glomerulonephritis, infections 
due to other organisms have been incriminated. 
Thus, acute diffuse glomerulonephritis undoubt- 
edly may occur as a complication of subacute 
bacterial endocarditis due to Streptococcus 
viridans and perhaps other organisms {/7,78], 
and rarely may follow pneumococcic lobar pneu- 
monia [79]. Recently several instances of acute 
glomerulonephritis have been described in 


Chicago, Illinors 


association with trichinosis |20). However, 
evidence of streptococcal infection was presented 
in the protocols of two of three patients who had 
renal damage. | 

Although a number of other infections such as 
gastroenteritis, ulcerative colitis {2/|, typhoid 
fever, typhus and scrub typhus |22}, infectious 
mononucleosis [23], vaccinia [24,25], measles, 
mumps and influenza have been said from time 
to time to be occasional precursors of acute 
glomerulonephritis, no evidence was presented 
that ruled out the possibility of incidental or 
complicating hemolytic streptococcal infections, © 
or that acute glomerulonephritis was the cause 
of proteinuria and hematuria observed in some 
patients. 

In 1926 Baehr {26} reported the case histories 
of fourteen young adults who suffered from what 
he described as *‘a benign and curable form of 
acute hemorrhagic nephritis.”’ Gross hematuria 
was the outstanding clinical feature, occurring 
intermittently in some patients and continu- 
ously in others. Pharyngitis preceded the onset 
of hematuria by a few days and always by less 
than eight days in the intermittent form. The 
continuous form was associated with ‘‘chronic 
tonsillitis..” Baehr stated that no specific 
evidence of hemolytic streptococci was found but 
no significant data were presented on this point. 
Edema, hypertension and impairment of renal 
function did not occur. The disease was not 
progressive in any patient. A few similar cases 
were described by Scheidemordil in 1915 [27] 


* From the Departments of Medicine, Great Lakes Naval Hospital, Great Lakes, Illinois and the Medical School, 
Northwestern University; and the Department of Pathology, ‘The Medical School, Northwestern University, Chicago, 
Illinois. This work was supported in part by grants from the Otho S. A. Sprague Foundation and the U. S. Public 
Health Service, National Institutes of Health, Bethesda, Maryland (H-1815, H-1890). Views expressed are those of the 
authors and do not necessarily reflect the opinion of the Navy Department. 
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TABLE | 
GREAT LAKES NEPHRITIS GROUP 
ASSOCIATED INFECTION 


Penicillin Prophylaxis 
| Maximum Duration White Lympho- Sedimen- 
Age _ Character of | Treatmentof| Tempera- | of Feveror, Blood tation 
vr.) Days | Infection Infection ture | Symptoms Rate 
Dose (units) * | Before  (°r. oral) | (days) (cu. mm.) _(mm./hr.) 
Onset | | 
Infection | 
Ar | 18 | 200,000 orally | 64 v0 12 Pharyngitis | None 98 .6 2 6,500 25 6 
Bra 17 =| 600,000 intramuscularly 26 Pharyngitis | Terramycin 103 5 5,400 45 11 
Pneumonitis 
Jan None None known | None 98 11,500 10 
Kee 18 600,000 intramuscularly ~ Pharyngitis Penicillin 102 7 7.700 43 37 
Lai .| 25 | None Pharyngitis | None 100 4 8.300 38 25 
Mar.....]| 17 | None ewes Pharyngitis | None 103.4 3 5.200 | 48 31 
Nu 17 | 600,000 intramuscular], 17 | Pharyngitis | Terramycin 103 ,500 | 
| | Tonsillitis | 
Smi.. 18 | None ree | Pharyngitis | Gantrisin 100.8 3 5,000 aa 32 
19 | None Pharyngitis | Penicillin 103.8 20 
Tonsillitis 
* All intramuscular doses-benzathine penicillin 


and by Volhard and Fahr in their book which 
was published in 1914 [28]. Volhard and Fahr 
believed that such instances represented focal 
glomerulonephritis. Bell |29| and others likewise 
have described hemorrhagic acute glomerulo- 
nephritis of a similar type which appears to 
have an excellent prognosis and which they 
believed to be associated with focal damage to 
glomerular capillary loops but with little or no 
cellular proliferation. Again, bacteriologic and 
immunologic evidence bearing on the presence 
or absence of group A hemolytic streptococcal 
infections was not available. 

Between January 6 and July 26, 1956 ten 
recruits with clinical findings compatible with 
acute glomerulonephritis were admitted to the 
Great Lakes Naval Hospital, Great Lakes, 
Illinois from the adjoining Recruit Training 
Camp. Although nine of these patients had 
pharyngitis, serial measurement of serum anti- 
bodies excluded recent group A _ hemolytic 
streptococcal infections in all but one patient. 
Adequate renal biopsy specimens were obtained 
in nine of the ten patients. The present report 
describes the clinical, immunologic and patho- 
logic features observed in this small outbreak of 
nephritis. As will become apparent, some doubt 
exists as to whether or not two of these patients 
had acute nephritis of the same type. 

For comparison, there is presented a similar but 
condensed analysis of data obtained from eleven 
patients with acute glomerulonephritis presum- 
ably associated with group A hemolytic strepto- 
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coccal infections. The latter group was observed 
by us during the same period of time encom- 
passed by the Great Lakes outbreak. Six of these 
patients were military personnel who contracted 
acute glomerulonephritis in various parts of the 
world and were transferred to the Great Lakes 
Naval Hospital for further evaluation. The re- 
maining patients were residents of Chicago and 
were studied in Northwestern University Medi- 
cal School afhliated hospitals. 

General Circumstances of the Great Lakes Naval 
Station Outbreak. Eight of the patients were 
admitted to the hospital between January 6 and 
April 3, 1956, one was admitted in June and one 
in July. The latter two patients (Jan and Mar in 
the tables) differed from the rest of the group in 
several respects which are to be discussed later. 
They are included in the analysis, however, since 
their renal disease was discovered under circum- 
stances similar to the others. The patients were 
all recruits from the adjoining Recruit Training 
Camp, ranging in age from seventeen to twenty- 
five years. Because of yearly outbreaks of type 19 
streptococcal infections in the training camp, 
many recruits received penicillin prophylaxis 
shortly after arrival at the camp. Five patients 
had been given either oral penicillin or intra- 
muscular benzathine penicillin prophylactically 
within five weeks of the onset of their disease. 
Data concerning the penicillin prophylaxis are 
included in Table 1. Throat cultures were made 
daily by the Naval Medical Research Unit No. 4 
on representative samples of recruits during the 
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period of penicillin prophylaxis. During the 
period of prophylaxis, group A hemolytic 
streptococci of virtually all types were absent 
from the recruit population. No type 12 hemo- 
lytic streptococci were found. Unfortunately, 
none of the patients with acute nephritis was in- 
cluded in the throat culture study group. 

Associated Infections. Great Lakes Nephritis Group. 
One patient (Jan) had no evidence of recent 
infection but the other nine had pharyngitis. 
(Table 1.) Two had follicular tonsillitis in addi- 
tion. Patient Gol, who had fever for thirteen days 
and a cough productive of blood-streaked 
sputum, exhibited x-ray evidence of a pneu- 
monitis, interpreted by the radiologist as being 
characteristic of ‘‘viral pneumonia.’ Cold 
agelutinins did not develop. Eight of nine pa- 
tients with overt infection had (oral) tempera- 
tures that exceeded 100°F. and were febrile for two 
to thirteen days. White blood cell counts made 
during the period of pharyngitis ranged from 
5,000 to 11,500 per cu. mm. Only two patients 
had counts in excess of 9,000 per cu. mm. The 
highest count occurred in the patient without 
overt infection. Differential white blood cell 
counts were performed in seven patients. Lym- 
phocytes ranged from 25 to 48 per cent of the 
total counts. The erythrocyte sedimentation 
rate (Wintrobe) was 20 mm. or more in the first 
hour in five of nine patients in whom this test 
was made near the time of infection. Unfortu- 
nately, throat cultures were obtained from only 
a few of the patients. No pathogens were found. 
Five patients received antibiotics or sulfonamide 
drugs for their respiratory infections. Three of 
ten patients received neither prophylaxis nor 
treatment for their respiratory infections. 

Titers of serum antibodies against hemolytic 
streptococci were measured in all patients. 
Antistreptolysin 0 titers (ASO) were measured 
by the method of Rantz and Randall [30], 
antistreptokinase (ASK) by the method of 
Christensen [37], and antihyaluronidase {AH} 
by the method of Harris and Harris [32]. 
Variations in antibody titers that did not exceed 
two tubes were not considered significant. 
Type-specific antibodies against type 12 hemo- 
lytic streptococci were measured by Stollerman’s 
modification [33] of the bactericidal method of 
Todd [34]. Type 12 antibodies were selected for 
study since infections due to this organism are 
most commonly associated with acute glom- 
erulonephritis. These data are presented in 
Table mn. Adequate serial observations of ASO, 


ASK and AH serum titers in eight patients 
revealed no evidence of a recent group A 
streptococcal infection. The first observations in 
patient Smi were not obtained until the thirteenth 
week after his pharyngitis. Thus, an earlier 
transient increase in antibodies could not be 
excluded. However, the relatively low antibody 
titers observed between the thirteenth and 
twenty-third weeks made a recent group A 
hemolytic streptococcal infection unlikely. The 
data obtained in patient Wea were compatible 
with a recent streptococcal infection, although 
not conclusive. The behavior of the ASO and 
ASK titers in this patient are more suggestive of a 
streptococcal infection some months in the past 
than at the time of the pharyngitis associated 
with the gross hematuria. 

Only one of the patients (Lai) had antibodies 
against type 12 hemolytic streptococci. Since 
these antibodies were demonstrated during the 
fourth week following pharyngitis and at a time 
when the ASO, ASK and AH titers were low, 
this patient’s exposure to type 12 hemolytic 
streptococci presumably occurred some time in 
the past and was not associated with the present 
episode. 

Clinical Features. Great Lakes Group. The 
latent period between the onset of pharyngitis 
and the first sign of acute glomerulonephritis did 
not exceed five days in any of the nine patients 
with overt infection. (Table 11.) In patients Arc 
and Kee gross hematuria preceded the first 
symptoms of pharyngitis by one and by three 
days, respectively, while hematuria developed 
within twenty-four hours after the onset of 
pharyngitis in three others. 

The presenting feature of renal disease (Table 
11) Was gross hematuria in seven patients. 
Routine urinalysis on admission to the dis- 
pensary for the pharyngitis revealed a sediment 
loaded with erythrocytes in one of the other 
patients, and occasional erythrocytes in the 
remaining two patients (Jan and Mar). All 
patients had proteinuria on admission, ranging 
from a trace in one to 3 plus. Likewise, all 
patients had casts in the urinary sediment. Red 
blood cell casts were seen in four. Transient 
periorbital edema was noted in two patients. 
Only one patient (Jan) had moderate pitting 
edema of the pretibial area on admission; this 
persisted for five days. Hypertension lasting for 
one or two days occurred in two patients. 
Azotemia of one week’s duration developed in 
only one patient (Wea), who was the only one 
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TABLE I 
GREAT LAKES NEPHRITIS GROUP 
SERUM ANTIBODIES 
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Anubody 


Weeks After Onset of Infection 


Patient 
| | | BES | 
7 | 9/10) 11 13 | 14 | 15 | 16 17) 18 23; 24 
Arc...... ASO {(100) 50 50 | 
ASK |. 160 BES PRE 
| tive | | | 
| ASK |.. . 160 |. | | | 
| | tive | | } | 
Kee.. AGO. 125 |125 |...j200 |200 |..... 200 200 
160 |160 |.........!160 
AH 181 | ie 
tive 
Lai.. 50 | 50 50)... 
tive | tive 
Nic. . ASO }(100)/(100)|(50) |...} 50 | 50 |.....| 50 | | | 
__ |__| tive | tive! | Be |_tive | 
| | | | | | | tive | 4 tive} | | | 
| | | | | | | | | | Ed 
Note: ASO = antistreptolysin titer (units) AH = antihyaluronidase titer (units) 
ASK = antistreptokinase titer (units) 12 = type 12 hemolytic streptococcal antibodies 
( ) = Determinations not made in our laboratory 


who had any considerable degree of impairment 
of concentrating ability. Five other patients 
exhibited slight impairment of concentrating 
ability. Urea clearance was moderately reduced 
in one of six patients, while phenolsulfonphtha- 
lein excretion was normal in each of three 


patients studied. 


Serial observations of serum complement 
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(Table tv) were made by the technic of Mayer 
and colleagues [35]. Significant reductions were 
observed in eight of ten patients. One of the 
exceptions, patient Gol, suffered from a com- 
plicating pneumonitis,.- while the other excep- 
tion, patient Mar, had a positive C-reactive 


protein test although no clinical evidence of an 


inflammatory process could be found. Curiously, 
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TABLE III 
GREAT LAKES NEPHRITIS GROUP 
CLINICAL DATA 


Urine 
Initia! Duration (days) * Final mum | 
| : Maximum | | | Blood | Mini- | 
Pa- Period | Edem: Blood | Urea | mum ‘le: 
| Edema | Red Red Nitro- | 18-hr. Clear- 
| (days) | (mm. Hg) Blood Blood Casts gen | Gonc, | 2 
Cells Red | | Cells (per (mg. | (mi | 
(per Casts Blood Casts | (per high 
tein tein | tein | 
high Cells | | high power 
power power field) 
| | field) _ field) | 
Arc toed | 0 | 138/65 | + | Gross |Cellular {| 25 | 25 | 25 | 0 | U 0 : 18 1.031 68 
Bra 5 10 156/76 | 1+ | Many | Cellular: 2 |107+ | 107+ | 0 (0-5 | 0-2 18 1.027 | 
Gol 29 | 110/75 i+ | Gross | Granular | 38 | 127+ | 60 0 |Occa- | 0 10 1.025 | 
| | | | | | sional | 
Jan | | 160/96 {3+ 8-10 | Hyaline; 1100+ | 100+ | 44 oP 10 1.020 | 67 
| | | granular | | 
mee. 10 |} 120/74 |1+ |Gross | Cellular | 43 124+ | 124+ | 0 0-5 | Granular 15 6 
Lai 1 | 120/80 |2+ |Gross {Granular 46 | 54 | 46 0 0 
Mar 1 | Peri- | 116/64 {2+ Occa- | Granular So7 | S57 | 46 3+ | 0-3 0 18 | 1.018 | 22 
: orbital | | sional | | | | | 
Nic 5 0 | 132/70 | Trace; Gross | Cellular 2 |149+ 90 15-20 | 0 12 
Smi | 5 | Peri- | 116/64 |2+ {Gross |Granular | 45 77 20-40 | 0 14 1.020 | 52 
orbital | | | 
Wea 1 0 | 114/76 |3+ {Gross (Granular /122 157+ | 122 0 10 | 
' 
* Stull present at last observation on day indicated. 
TABLE Iv 
GREAT LAKES NEPHRITIS GROUP 
SERUM COMPLEMENT (UNITS) 
Weeks after Onset 
| | | | | | | | | | | 
8) 9/10/11) 16) 17) 18/19/20] 22/23} 24 
| | | | 
26 28 29 | | | 
| 
| 
Smi. | | 132] | 26 | 32 | 
| | | | | | | | | | 


Note: Normal serum complement = 40 to 50 units. 
Duration of proteinuria indicated by underlines. 
Arrow = present at last observation. 


Durrum [36] in all patients. (Table v.) Signifi- 
cant reduction in the percentage of albumin in 
the first serums studied was noted in three pa- 
tients and slight reductions in two others. 
Gamma globulin exceeded 20 per cent of the 


AMERICAN JOURNAL OF MEDICINE 


decreased serum complement values persisted 
in many of the patients after the disappearance 
of proteinuria. 

Paper electrophoretic patterns of the serum 
proteins were developed by the technic of 


| 
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total proteins in seven of ten patients. The maxi- 
mum value of 29.7 per cent occurred in patient 
Gol who had pneumonitis. Unfortunately, the 
first paper electrophoresis pattern was obtained 
four or more weeks after the onset of acute 
nephritis in five patients. One patient (Mar) 


TABLE V 
GREAT LAKES NEPHRITIS GROUP 
INITIAL SERUM PROTEINS 
(PER CENT DISTRIBUTION—PAPER ELECTROPHORESIS) 


Protein Fractions (% of total 


| protein) 
Patient After | 
Onset 
| Albu- 
| mium | | 
| | | ay a2 8 Y 
| 24 | 48.6/ 4.8] 8.2 | 16.5 | 21.9 
10 | 51.2} 4.1] 8.5 | 12.6 | 23.6 
| 34.0] 5.0 | 17.8 | 13.5 | 29.7 
44 | 35.2 6.5 | 16.7 | 22.1 | 19.5 
10 | 39.4; 5.9! 8.9] 22.9] 22.9 
28 | 45.91 5.2} 9.9 18.6! 20.4 
EES 18 | 44.6 | 4.9 | 18.1 | 16.2 | 16.2 
| 30 | 50.4/5.3} 9.3 | 10.6 | 24.4 
| 38 | 50.5 | 2.8 | 12.1 | 12.6 | 22.0 


had a total serum cholesterol value of 378 mg. 
per cent. Nevertheless, only patient Jan could be 
considered to have had the nephrotic syndrome. 
Approximately one month after onset in this 
patient, who exhibited 3 to 4 plus proteinuria 
throughout observation, 2 plus pitting edema 
of the lower legs redeveloped. His serum albumin 
decreased to 3 gm. per cent but his serum 
cholesterol level remained normal. 

The period of observation of the patients 
ranged from fifty-five to 162 days after the 
apparent onset of the nephritis. At the end of the 
observation period proteinuria, as revealed by 
weekly urinalysis, had disappeared in eight 
patients. (Table m.) Proteinuria persisted for 
only two days in patients Bra and Lai, while in 
patient Wea proteinuria persisted until 157 days 
after onset. Patients Jan and Mar had 3 plus 
and 4 plus proteinuria when last studied fifty- 
five and 100 days, respectively, after onset. In 
contrast to proteinuria, microscopic hematuria 
was still present at the end of observation in eight 
of ten patients. 
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In summary, from the clinical aspects, eight 
of ten patients represented a fairly homogeneous 
group. Within a few days of a pharyngitis, pro- 
teinuria and considerable hematuria developed 
but usually they did not have edema, hyperten- 
sion or renal functional impairment. Proteinuria 


TABLE VI 
GREAT LAKES NEPHRITIS GROUP 
RENAL BIOPSY DATA 


Biopsy Urine at Time of Biopsy 
Days Red 
Patient | Date | After | Blood 
Onset | Length | Glom- | Pro- ya Casts 
(mm.) | eruli | tein high 
wer 
field) 
Arc... 4-18! 24 | 6.5 | 30 | 1+ |Occa- 
sional 
253i i 60} fe Ie 0 
eee 4-18 | 10 5.0 17 0 10 Occasional 
| granular 
| 5-25; 47 3.0 7 0 0 0 
Gol. ....| 3-14 8 6.0 10 1+ | Gross | Many 
cellular 
5-23 78 0 13 0 0 
7-25 44 | 11.0 31 3+ | 3-5 Occasional 
granular 
| 9-19 | 100 3.0 8 4+ |3-5 0 
Kee.....j| 5-16 59 6.0* 1 0 100 Rare 
| granular 
Babee. | 4-24 28 3.0 9 2+ | 30 Rare 
| hyaline 
| 5-25] 54 ]10.0*} 12 |0 | 10 0 
8-13; 30 2.0 0 2+ | 20-30 | 0 
| 9-19 71 12.0 10 3+ | 0-3 0 
Nic 3-20 30 . 6 0 Many | Rare 
| granular 
| 5-18 71 7.0* 8 0 Many | Occasional 
granular 
Sani. .....} 3-28 77 5.0 21 0 20-40 | Occasional 
| granular 
| 5-18 | 143 | 7.5*]| 11 | 0 | 20-40 | Occasional 
| | granular 
Welisec, | 3-14 | 38 13.0 12 0 Occa- | Occasional 
| | sional} granular 
| 5-23 | 108 8.0 21 1+ | 10-15 |0 


* Medulla present. 


cleared rather promptly but microscopic hema- 
turia persisted for several months in most 
patients. Patients Jan and Mar differed in that 
their renal disease was discovered two to three 
months after the others, hematuria was minimal, 
and proteinuria was more marked and persisted 
at high levels. In patient Jan the nephrotic syn- 
drome appeared to be developing” towards 
the end of our observations. Renal biopsies in 
these two patients revealed lesions which also 
differed from the rest of the group. 

Renal Butopstes. Great Lakes Group. Renal 
biopsies were performed in all patients according 
to the technic of Kark and Muehrcke [37]. No 


. 
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Fic. 1. A representative glomerulus from the first biopsy 
on Arc. Bowman’s space contains protein precipitate. 
Note that the glomerulus is not hypercellular. The 
afferent arteriole of this glomerulus is normal. Hema- 
toxylin and eosin stains, 2 micron section. Original 
magnification, X 446. 


Fic. 3. Glomerulus from first biopsy on Gol showing 
erythrocytes in Bowman’s space. Note the lack of 
hypercellularity. Heidenhain’s stain, 6 micron section. 
Original magnification, X 480. 


discomfort or complications occurred in this 
group. Specimens were fixed in Zenker- 
formalin solution for three hours followed by 
overnight washing in running tap water. After 
washing, they were dehydrated and embedded 
in paraffin. Sections were cut at 2 and 6 microns, 
-and were stained routinely with hematoxylin 
and eosin, Heidenhain’s modification of Mal- 
lory’s connective tissue stain [38] and by the 
periodic acid-Schiff method [39]. Cultures of 


Acute Nephritis Unrelated to Streptococcal Infection—Baies et al. 


Fe... 


Fic. 2. A representative glomerulus from first biopsy on 
Bra. Except for a small focus of hypercellularity of doubt- 
ful significance, it appears normal. Periodic acid- 
Schiff stain, 2 micron section. Original magnification, 
xX 216. 


4 


Fic. 4. Glomerulus from first biopsy on Gol stained by the 


periodic acid-Schiff method to show the normal structure 
of the basement membrane of the capillary loops. 
Periodic acid-Schiff stain, 2 micron section. Original 
magnification, 288. 


material obtained on biopsy were made in 
Difco brain-broth infusion medium. All cultures 
were sterile. 

Data concerning the renal biopsies are sum- 
marized in Table vi. The initial renal biopsies 
were performed from eight to seventy-seven 
days after the onset of nephritis. Specimens of 
renal cortex containing adequate numbers of 
glomeruli were obtained from all patients but 
Kee, whose biopsy material consisted mainly of 
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Fic. 5. Higher magnification of capillary loops of lower 
half of Figure 4. Loops are widely patent and basement 
membranes are thin and intact. Periodic acid-Schiff stain, 
2 micron section. Original magnification, XK 864. 


Fic. 7. Crescent in a single glomerulus from first biopsy on 
Nic. Hematoxylin and eosin stain, 6 micron section. 
Original magnification, K 460. 


Fic. 9. Erythrocytes in the lumen of tubules in the first 
biopsy on Bra. Section stained by periodic acid-Schiff 
method which does not stain red cells thus they appear 
pale and refractile. Upper tubule is a dilated proximal 
tubule. A remnant of the brush border is apparent on 
the lower right. Lower tubule is a part of the ascending 
limb of Henle’s loop. 2 micron section. Original magnifi- 
cation, X 630. 
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Fic. 6. Glomerulus from first biopsy on Lai. The struc- 
ture of this glomerulus is slightly distorted due to lateral 
compression. The capillary loops are widely patent. Some 
protein precipitate is present in Bowman’s space. 
Periodic acid-Schiff stain, 2 micron section. Original 
magnification, X 280. 


Fic. 8. Glomerulus from first biopsy on Nic showing a few 
erythrocytes in Bowman’s space. Capillary defect through 
which erythrocytes passed is not visible here. Note there 
is no increase in cellularity. Hematoxylin and eosin stain, 
6 micron section. Original magnification, X 460. 


Fic. 10. Red cell cast in a tubule in the medulla of Nic’s 
second biopsy specimen. The tubule containing the cast is 
probably a collecting duct but the epithelium is so flat- 
tened that it cannot be surely identified. A hyaline cast 
is present in a tubule on the right side of photograph. 
Hematoxylin and eosin stain, 2 micron section. Original 
magnification, X 436. 
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Fic. 11. Fic. 12. 


Fic. 11. Glomerulus from first biopsy on Smi showing slight focal increase in number of cells in some lobules, 
particularly at two and five o’clock. Afferent arteriole at top of photograph is normal. Hematoxylin and eosin stain, 
2 micron section. Original magnification, X 496. 

Fic. 12. A partially hyalinized glomerulus from the second biopsy on Smi. Heidenhain’s stain, 4 micron section. 
Original magnification, 436. 


Fic. 13. A hyalinized and a partially hyalinized glomerulus from the second biopsy on Smi. Heidenhain’s stain, 2 
micron section. Original magnification, K 432. 


Fic. 14. Glomerulus from first biopsy on Wea. Note generalized slight increase in number of cells present. Basement 
membranes of glomerular capillary loops are of normal thickness. Periodic acid-Schiff method with hematoxylin 
counterstain, 6 micron section. Original magnification, K 216. 


medulla with only one normal juxta-medullary — from patients Arc, Bra, Gol, Lai and Nic (Figs. 
glomerulus present. For this reason, this patient 1-9) were similar. These five all had gross or 
will be excluded from further considerations of | marked microscopic hematuria at the onset of 
the renal biopsy material. Second renal biopsy their disease. Although the first biopsy specimens 
specimens were obtained one totwo months after from these patients were obtained within thirty 
the first in eight patients. days after onset, proteinuria had disappeared 

The findings in the initial biopsy specimens by the time of biopsy in patients Bra, Lai and 


AMERICAN JOURNAL OF MEDICINE 


18 Acute Nephritis Unrelated to Streptococcal Infection—Bates et al. 
Fic. 13. Fic. 14. 


Fic. 15. Section of cortex from first biopsy on Wea show- 
ing erythrocytes in a proximal tubule and partially 
formed red cell casts in collecting ducts. ‘The interstitial 
tissue is edematous and contains some inflammatory 
cells. Hematoxylin and eosin stain, 6 micron section. 
Original magnification, X 436. 


Fic. 17. Connective tissue stain of a small muscular artery 
from Mar’s second biopsy. The internal elastica is present 
as a wrinkled refractile line between the intima and 
muscularis. Note the subintimal layer of fibrous tissue. 
6 micron section. Original magnification, X 480. 


Nic. Gross or microscopic hematuria, however, 
was present in all at the time of biopsy. The most 
significant histologic feature was the lack of 
glomerular hypercellularity or inflammatory 
cell infiltration. The basement membranes 
of the capillary loops were normal. However, 
some degree of capillary injury not recognizable 
with the light microscope must have been present 
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Fic. 16. Partially hyalinized glomerulus from second 
biopsy on Mar. Collagenous tissue stains deep red by the 
periodic acid-Schiff method and appears as dark black 
foci in mesangium of some lobules. A sclerotic arteriole 
of this glomerulus is in the lower left hand corner. 
Periodic acid-Schiff with hematoxylin counterstain. 2 
micron section. Original magnification, XK 480. 


Fic. 18. Glomerulus from first biopsy of Jan showing lob- 
ules adherent to Bowman’s capsule at two and eleven 
o'clock. The lobule at eleven o’clock contains macro- 
phages with vacuolated cytoplasm (lipid ?). Examination 
of adjacent serial sections showed the arterioles of this 
glomerulus to be structurally normal. Heidenhain’s stain, 
2 micron section. Original magnification, X 640. 


because red blood cells were noted in Bowman’s 
space (Figs. 3, 8 and 9) and/or in the tubules in 
all except Lai. In addition, all these patients had 
protein precipitate in Bowman’s space of some of 
the glomeruli. (Figs. 2—6 and 8.) A crescent was 
noted in a single glomerulus of patient Nic 
(Fig. 8) but the remaining glomeruli were 
indistinguishable from those found in the 
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Fic. 20. 


Fic. 19. A glomerulus from Jan’s first biopsy. Note that it does not have the adhesive lesion shown in Figure 18. Aside 
from the protein precipitate in Bowman’s space, this glomerulus is normal. Periodic acid-Schiff method with hema- 
toxylin counterstain, 2 micron section. Original magnification, XK 528. 


Fic. 20. Glomerulus from a patient four weeks after the onset of acute glomerulonephritis following a sore throat of 
group A hemolytic streptococcal etiology. Note the marked hypercellularity. The increase in cells is sufficient to 
almost completely obscure the lumens of the glomerular capillary loops. Hematoxylin and eosin stain, 2 micron 


section. Original magnification, X 375. 


other patients. The arterioles and arteries were 
normal. The proximal and distal tubules were 
normal except where the epithelium was flat- 
tened around red cell casts. Gol was the only 
patient in this group with any interstitial inflam- 
matory reaction. A tiny focus of subacute 
inflammation was present in the interstitial tissue 
adjacent to a medium-sized muscular artery. 

The second biopsy specimens from patients 
Arc, Bra, Gol, Lai’and Nic were similar to the 
first except that no'red cells were noted in Bow- 
man’s space of any of the glomeruli. Occasionally 
red blood cell casts were present in collecting 
ducts in Gol and Nic. (Fig. 10.) Except for sev- 
eral tiny foci of fibrosis in Gol, the interstitial 
tissue was normal. No vascular disease was ob- 
served in any of the sections. No scarred glom- 
eruli or fibrosis of Bowman’s capsule was noted 
in any of the patients including Nic, who had a 
crescent in his first biopsy. By the time the 
second biopsy was performed the urine had 
become completely normal in patients Arc, 
Bra and Gol; none had proteinuria; and only Lai 
and Nic had microscopic hematuria. 

Two other patients, Smi and Wea, entered 
the hospital with gross hematuria as a presenting 
symptom. However, their renal biopsy speci- 
mens showed a histologic picture different from 
that of the previously discussed patients. ‘hese 
findings will be described separately. Clinical 


observations on patient Smi differed from the 
rest of the group in that the initial streptococcal 
antibody measurements were made in the thir- 
teenth week after onset of his disease. Neverthe- 
less, the rather low titers at this time suggested 
that a recent hemolytic streptococcal infection 
was quite unlikely. Patient Wea had more severe 
impairment of renal function than the rest of the 
group. Furthermore, Wea was the only patient 
whose antibody studies suggested a recent hemo- 
lytic streptococcal infection. The latent period 
between infection and onset of disease in this 
patient, however, was only one day, which 
would be unusually short for acute nephritis 
associated with streptococcal infections. 

The first biopsy specimen from Smi was ob- 
tained seventy-seven days after admission. (Fig. 
11.) The glomeruli were different from the first 
five patients described in that some small foci 
of hypercellularity were present in one or more 
lobules of each glomerulus. In addition, a 
hyalinized glomerulus surrounded by a tiny area 
of interstitial fibrosis containing chronic inflam- 
matory cells as well as a partially hyalinized 
glomerulus (Fig. 12) was noted. ‘There were no 
red cells in Bowman’s space or in the tubular 
lumens. The second biopsy specimen from Smi 
was obtained sixty-six days after the first. Most 
of the glomeruli showed the slight focal hyper- 
cellularity similar to that noted in the first 
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biopsy, and there was another larger focus of 
chronic inflammation with fibrosis and chronic 
inflammatory cell infiltration in the cortex. 
(Fig. 13.) T'wo glomeruli were present in this 
focus, one completely fibrotic and the other 
undergoing fibrosis. Atrophic tubules containing 
hyaline casts were also present around these 
glomeruli. No vascular disease was noted in 
either biopsy. 

The first biopsy specimen from Wea was 
obtained thirty-eight days after onset of his 
disease. All twelve glomeruli in the section 
showed a slight focal increase in the number 
of cells present. (Fig. 14.) Red cells were present 
in Bowman’s space in some glomeruli, as was 
protein precipitate. The proximal tubules were 
normal. However, red cells were present in the 
lumens of several tubules, and in one area of the 
cortex there was a subacute interstitial inflam- 
matory reaction. (Fig. 15.) Erythrocyte casts 
were present in the tubules and some proximal 
tubules in this area were lined with a flattened 
regenerative type of epithelium. In the juxta- 
medullary region there was another focus of 
interstitial fibrosis. Numerous chronic inflamma- 
tory cells, chiefly lymphocytes and macrophages, 
were present in this area. The second biopsy 
specimen from Wea was obtained seventy days 
later. The glomeruli were unchanged from the 
first biopsy except that the mesangium appeared 
slightly thickened in some lobules. Slight hyper- 
cellularity persisted. Bowman’s space of several 
glomeruli contained much protein precipitate 
but no erythrocytes. A small focus of interstitial 
fibrosis was present in the cortex. It contained 
no inflammatory cells. The tubules in this area 
were atrophic and had thickened basement 
membranes. Another much smaller focus of 
inflammatory cell infiltration was noted ad- 
jacent to a small diseased interlobular arteriole. 
The wall of this arteriole was thickened and con- 
tained homogeneous PAS-positive hyaline ma- 
terial. No other arteriolar or arterial disease 
was observed. The proximal tubules were all 
normal. Except for the presence of several hya- 
line casts, the distal tubules were normal. 

Mar and Jan differed from all the other 
patients in the Great Lakes group in that 
they entered the hospital two and three months, 
respectively, after the first group and did not 
have marked hematuria as a presenting sign. 
Their proteinuria was greater than that ob- 
served in the others. 

The first biopsy attempt on Mar was unsuc- 
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Fic. 21. Renal biopsy specimen from a patient three 
months after the onset of acute glomerulonephritis which 
followed a group A hemolytic streptococcal sore throat. 
Note the two partially hyalinized glomeruli and the 
severe interstitial fibrosis. Heidenhain’s stain, 6 micron 
section. Original magnification, & 131. 


cessful. All that was obtained was a single 
crushed glomerulus enmeshed in blood clot. The 
second biopsy specimen was obtained 101 days 
after the onset. His urine sediment at this time 
was unchanged from admission. All the glom- 
eruli were normal except for one which was 
partially hyalinized. (Fig. 16.) The afferent 
arteriole of this glomerulus was sclerotic and the 
adjacent parenchyma partially hyalinized. Al- 
though this patient was only seventeen years old, 
the intima of a large muscular artery in the 
biopsy specimen was markedly sclerotic. (Fig. 
17.) The proximal and distal tubules were nor- 
mal except for occasional hyaline casts noted in 
some distal tubules. 

A few glomeruli in the first biopsy specimen 
from Jan showed a focal glomerular lesion not 
observed in any of the other patients. Some 
lobules in these glomeruli were fibrotic and 
adherent to Bowman’s capsule. In the me- 
sangium of one of these lobules there were 
macrophages with vacuolated cytoplasm. (Fig. 
18.) In this respect these glomeruli differed from 
all others in the series. Ihe basement membranes 
of the capillary loops of the uninvolved lobules of 
the diseased glomeruli were normal. No abnor- 
malities other than protein precipitate in Bow- 
man’s space of some glomeruli were noted. 
(Fig. 19.) Hyaline droplets which stained with 
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TABLE VII 
COMPARISON BETWEEN GREAT LAKES AND “STREPTOCOCCAL” 
ACUTE NEPHRITIS GROUPS 
IN REGARD TO INFECTION 
(NUMBER POSITIVE /NUMBER EXAMINED) 


Hemolytic | Temperature White Blood Erythrocyte Sedi- 
Group Diciatatecets | Infection | Streptococci on 101°F. | Cells > mentation Rate 
| Throat Culture (orally) —49,000/cu. mm. > 20 mm./hr. 
Great Lakes....... | 5/10 9/10 | ca 5/10 | 2/10 | 3/9 
Streptococcal. ..... | 0/11 9/11 | 5/6 5/8 | 6/6 6/6 


the periodic acid-Schiff method were present in 
the cytoplasm of almost all the proximal tubular 
cells. Hyaline casts were present in the lumens 
of some of the distal tubules. The arterioles and 
arteries were all normal. The second biopsy 
specimen included a portion of renal capsule 


TABLE VII 

COMPARISON BETWEEN GREAT LAKES AND 
“STREPTOCOCCAL” ACUTE NEPHRITIS GROUPS. 
INCIDENCE OF SERUM ANTIBODIES AGAINST 
HEMOLYTIC STREPTOCOCCI 
(NUMBER INCREASED/NUMBER ADEQUATELY OBSERVED) 


No. of ASO | ASK | AH Any of | Type 


Patients | 
Great Lakes........| 10 | 1/9 | 1/9 | 0/8 | 1/9 | 1/10 
Streptococcal. ...... 11 | 7/8 | 7/8 | 4/5 | 8/9 | 6/11 


i 


Nore: ASO = antistreptolysin titer. 
ASK = antistreptokinase titer. 
= antihyaluronidase titer. 
Adequate observation was considered to consist of 
either an initial observation within two months of 
the onset of the disease or significant serial decrease 


in titers. 
* Increase in at least one of the ASO, ASK and AH antibody titers. 


and eight subcapsular glomeruli. No lesions were 
observed in any of these glomeruli and the 
proximal tubules and arteries were also normal 
even though the patient still had heavy protein- 
uria and the nephrotic syndrome appeared to be 
developing. 

In summary, adequate renal biopsy specimens 
were obtained in nine of ten patients. Five 
of these were similar in that they showed little 
overt glomerular disease except for the presence 
of a crescent in one patient. However, red blood 
cells in Bowman’s space and/or in the lumens of 
the tubules were found in all. Repeat biopsies 
in this group showed no additional abnormali- 


ties. Iwo other patients with similar clinical 
findings differed on biopsy from the others in 
that slight hypercellularity was present in some 
of the lobules of all glomeruli seen. The remain- 
ing two patients, Jan and Mar, differed clinically 
from the others. Likewise, their renal biopsies 


‘TABLE IX 
COMPARISON BETWEEN GREAT LAKES AND 
“STREPTOCOCCAL ACUTE NEPHRITIS GROUPS. 
LATENT PERIOD BETWEEN INFECTION AND ONSET 
OF NEPHRITIS 


No. of 5 Days 6 Days Un- 


(;roup 
i Patients or Less or More known 


Great Lakes...... 
Streptococcal... .. 8 3 


differed from the rest of the group. A focal ap- 
parently chronic glomerular lesion of unknown 
origin was observed in Jan, while Mar had 
several glomeruli undergoing fibrosis, apparently 
related to arteriolar and arterial sclerosis. Most 
of the glomeruli of these two patients, however, 
appeared to be normal. 

Acute Nephritis of Great Lakes Outbreak Compared 
to Acute Glomerulonephritis Contracted Elsewhere. 
During the period of the Great Lakes outbreak 
we studied in a similar fashion eleven patients 
with acute glomerulonephritis contracted else- 
where. Bacteriologic and/or immunologic evi- 
dence of a recent hemolytic streptococcal 
infection was obtained in all the latter patients. 
These patients will subsequently be referred to as 
the “‘streptococcal”’ group. A number of distinc- 
tive differences were observed between the two 
groups. These differences are summarized in 
Tables vu to xm. The details of our studies on 
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‘TABLE X 
COMPARISON BETWEEN GREAT LAKES AND “‘STREPTOCOCCAL”’ 
ACUTE NEPHRITIS GROUPS. 
CLINICAL FEATURES 


G | No. of | H Gross Impaired Renal; Blood Urea Nitrogen 
Patients | ypertension | tiematuria | Function >20 mg. % 
| | | 
| | | 
Great Lakes. .... 1 7 1 | 
Streptococcal... .. 7 | 7 2 9 | 


the patients with acute glomerulonephritis 
following hemolytic streptococcal infections will 
be presented in another paper | 40}. 

When evaluating the comparison of the find- 
ings between the two groups, the reader should 
be reminded that the patients with nephritis 


TABLE XI 
COMPARISON BETWEEN GREAT LAKES AND 
“STREPTOCOCCAL” ACUTE NEPHRITIS GROUPS. 
DURATION OF PROTEINURIA AND HEMATURIA 
| 
| | No. Patients With Dura- 
tion More Than 100 


Total 
Group No. of | 
Proteinuria | Hematuria 
Creat Lakes... .. 10 2 7 
Streptococcal. .... 11 7 | 7 


contracted in locations outside the Great Lakes 
Naval Station represent a selected group in part, 
since six had been transferred to the Great Lakes 
Naval Hospital because their disease had not 
healed promptly. Further, details concerning the 
associated infections and the onset of the acute 
nephritis in these six patients were not observed 
at first hand by us. Finally, the hemolytic 
streptococcal group included four patients aged 
thirty years or more. 

Associated overt infections occurred in all but 
one patient in each group. (Table vu.) In con- 
trast to the Great Lakes nephritis group who had 
only pharyngitis and in one instance complicat- 
ing pneumonitis, two patients in the streptococcal 
group suffered from severe tonsillitis and cervical 
adenitis, one had acute rheumatic fever, one 
had erythema multiforme and one had Henoch- 
Schoenlein purpura. Patient Smi had hyper- 
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thyroidism with a basal metabolic rate of +65 
per cent when first observed. This responded to 
antithyroid medication. Data on white blood 
cell counts were obtained during active infection 
in seven of the streptococcal patients. The counts 
ranged between 11,200 and 19,700 per cu. mm. 
Throat cultures were reported for seven pa- 
tients, hemolytic streptococci being found in 
six. One of these strains was typed and found to 
be type 12. 

Serial observations on ASO, ASK and AH 
titers yielded definite evidence of recent hemo- 
lytic streptococcal infections in eight of the 
streptococcal group. (Table vit.) The first serum 
for antibody studies was not obtained in one pa- 
tient until the seventh month after infection. 
All antibody titers were in the normal range. 
However, group A hemolytic streptococci had 
been recovered from a throat culture at the 
onset of his acute glomerulonephritis. ‘The re- 
maining patient, whose serum antibodies were 
first measured ten weeks after his pharyngitis, 
had ASO titers of borderline significance (166 to 
200 units). However, his serum contained type 
12 antibodies in high titer twelve weeks after in- 
fection. Another patient, whose ASO titers (125 
to 200 units) and ASK titers (320 to 640 units) 
were of borderline significance, had a strongly 
positive test for type 12 antibodies and had had 
a throat culture positive for hemolytic strepto- 
cocci at the onset of his nephritis. Thus, all the 
eleven patients in whom acute nephritis devel- 
oped elsewhere had definite or presumptive 
evidence of a recent hemolytic streptococcal 
infection in contrast to only one of ten patients 
in the Great Lakes group. Six of the eleven strep- 
tococcal patients had type 12 antibodies in con- 
trast to one of ten in the Great Lakes outbreak. 

Perhaps the most striking clinical difference 
between the two groups (Table 1x) was the short 
latent period between the onset of infection and 
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the first sign of renal disease, which did not 
exceed five days in the Great Lakes nephritis 
group but which averaged ten days in the others. 
As shown in Table x, gross hematuria was more 
common while hypertension and edema were 
less common in the Great Lakes patients as com- 


TABLE Xl 
COMPARISON BETWEEN GREAT LAKES AND 
“STREPTOCOCCAL” ACUTE NEPHRITIS GROUPS. 
INITIAL SERUM PROTEIN PAPER ELECTROPHORETIC 


PATTERNS 
| Gamma 
Albumin, 
Globulin, 
% of ‘Total Cc r 
<45 | >45 | <25 | >25 
Great Lakes...{| 10 4 
Streptococcal. . Ass 5 2 


* Excluding four patients whose initial studies were 
made late in the course of their disease. 


TABLE XIII 
COMPARISON BETWEEN GREAT LAKES AND 
““STREPTOCOCCAL’ ACUTE NEPHRITIS GROUPS. 
MINIMUM SERUM COMPLEMENT 


Serum Complement (units) 


{| 23-32 > 35 
Great Lakes. . 1 7 2 
3 5 3 
Nore: Normal serum complement = 40 to 50 units. 


pared to the other group. Likewise, impairment 
of renal function was not present or was minimal 
among the Great Lakes patients, only one hav- 
ing a blood urea nitrogen value greater than 
normal. In contrast, eight of the eleven other 
patients had blood urea nitrogen values greater 
than 20 mg. per cent. Although the majority 
of patients in both groups still had microscopic 
hematuria at the end of the period of observa- 
tion, proteinuria ceased in all but two of the 
Great Lakes patients but was still present at the 
time of last examination in seven of the eleven 
streptococcal patients. (Table x1.) Since disap- 
pearance of protein from the urine even in the 
presence of continued hematuria generally is 


accepted as evidence of healing of acute glom- 
erulonephritis [4], the majority of the Great 
Lakes patients presumably will achieve a clinical 
cure of their disease. However, six of the strepto- 
coccal patients still had proteinuria six months 
or more after onset of acute glomerulonephritis. 
Most of these patients probably will not be cured. 
Indeed, serial renal biopsies in these patients 
indicated the presence of relatively severe and 
persistent glomerulonephritis many months after 
onset of their disease (vide infra). The data com- 
pared in this paragraph must be interpreted with 
the knowledge that the patients who contracted 
their disease elsewhere were not an entirely un- 
selected group. 

Paper electrophoretic analysis of serum pro- 
teins (Table xm) revealed greater alterations 
among the patients in the streptococcal group 
than among those in the Great Lakes nephritis 
group. Serum complement (Table xm), how- 
ever, behaved similarly in the two groups, being 
reduced for many weeks in the majority of 
patients. 

The histologic changes seen on renal biopsy 
were much more severe in the streptococcal! 
group than among the Great Lakes patients. 
Biopsies were performed within a month of the 
onset of acute glomerulonephritis in four patients 
whose disease was associated with group A strep- 
tococcal infection. In two, glomerular hyper- 
cellularity, although definite, was only slightly 
more obvious than that observed in patient 
Wea (Fig. 14) who represented the most 
marked example of this feature among the Great 
Lakes patients. The other two early biopsies in 
the streptococcal patients revealed classic acute 
diffuse glomerulonephritis (Fig. 20) as described 
by Bell [29] and others. The first renal biopsy 
specimens from the other patients in the strepto- 
coccal group were obtained from one to four 
months after the onset of nephritis. [wo of these 
patients had severe acute glomerulonephritis as 
judged by the first biopsies, and showed glom- 
erular scarring and severe tubular and inter- 
stitial changes in a second biopsy performed 
several months later. Many of the remaining pa- 
tients had changes typical of chronic glomerulo- 
nephritis revealed in one or more renal biopsies. 
(Fig. 21.) All but two patients in the strepto- 
coccal group had markedly hypercellular glom- 
eruli. In contrast, none of the Great Lakes pa- 
tients exhibited histologic evidence of typical 
diffuse glomerulonephritis, and only one had 
unequivocal glomeruli hypercellularity. 
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COMMENTS 


A small outbreak of acute nephritis associated 
with pharyngitis occurred at the Great Lakes 
Naval Training Center during the winter and 
spring months of 1956. Gross hematuria, present 
in seven of ten patients studied, was an outstand- 
ing clinical feature. All patients had proteinuria 
and casts as well as erythrocytes in the urinary 
sediment, but edema, hypertension and impair- 
ment of renal function were uncommon. 

Anatomic damage in the kidneys as revealed 
by renal biopsies was less severe and persistent 
than that which was found in eleven other 
patients observed by us during the same period 
of time whose attacks of acute glomerulo- 
nephritis were contracted elsewhere and were 
associated with group A hemolytic streptococcal 
infections. 

Likewise, prognosis appeared to be better 
among the Great Lakes patients than among 
the patients whose nephritis followed hemolytic 
streptococcal infections. However, acute diffuse 
glomerulonephritis following hemolytic strepto- 
coccal infections, especially in epidemics, is 
frequently characterized by a benign course and 
a good prognosis [4]. 

Sufficient data are not at hand to state that all 
mild instances of *“‘streptococcal’’ acute nephritis 
are characterized by increased glomerular 
cellularity and therefore differ basically from the 
minimal lesions of the glomeruli in the Great 
Lakes patients. In a renal biopsy study of twelve 
patients with acute glomerulonephritis, Gorm- 
sen and colleagues |4/} describe the histologic 
findings in seven mild to moderately severe 
cases in which renal function was normal or 
only slightly reduced. They found slight to 
moderate hyalinizations in the glomeruli and 
varying degrees of endothelial and epithelial 
proliferation. Iwo of our streptococcal patients 
had little or no impairment of renal function. 
These patients did exhibit some but not marked 
glomerular hypercellularity. 

One of the striking features of the Great Lakes 
outbreak was the short latent period between the 
associated infection and onset of the signs of 
nephritis. The latent period in classic acute 
glomerulonephritis following group A hemolytic 
streptococcal infections is generally one to four 
weeks [42]. In contrast, the latent period in the 
Great Lakes patients did not exceed five days. 
Indeed, gross hematuria preceded the symptoms 
of the associated pharyngitis in two patients by 
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one and by three days. A short latent period is 
characteristic of the exacerbation in chronic 
glomerulonephritis [3,42,43|. However, several 
considerations make underlying chronic glo- 
merulonephritis most unlikely among the Great 
Lakes patients. They were all young recruits 
who presented no evidence of prior renal disease 
or symptoms. Presumably urinalyses on admis- 
sion to the Navy were normal. Most important, 
proteinuria cleared in eight of the ten patients. 
Finally, only one of the ten patients had any 
evidence of a recent hemolytic streptococcal in- 
fection, while approximately 76 per cent of 
exacerbations in chronic glomerulonephritis 
follow streptococcal infections {43}. 

In addition to the latent period, and despite 
the lack of adequate bacteriologic studies, 
several other lines of evidence strongly suggest 
that the Great Lakes outbreak of acute glo- 
merulonephritis was not associated with group A 
hemolytic streptococcal infections. In the first 
place, the outbreak occurred at a time when the 
training camp personnel was receiving penicillin 
prophylaxis and very few streptococcal infections 
were developing. Five of ten patients with acute 
nephritis had received penicillin prophylaxis 
within one to four weeks of the onset of this dis- 
ease. Although nine patients had pharyngitis, 
with temperatures ranging from 100° to 104°F., 
in none did polymorphonuclear leukocytosis or 
cervical adenitis develop. Most important, 
serial ASO, ASK and AH serum titers could be 
interpreted as evidence for a recent hemolytic 
streptococcal infection in only one patient. The 
latter was the only patient in the group who 
had sufficient renal functional impairment to 
result in nitrogen retention. Further, the findings 
on renal biopsy in this patient were more severe 
than in the others in the group and more closely 
resembled the histologic changes seen in those 
patients whose nephritis was demonstrated to 
follow hemolytic streptococcal infections. Never- 
theless, the latent period in this patient was 
only one day, unusually short for the initial 
attack of acute glomerulonephritis following a 
hemolytic streptococcal infection. 

We believe, on the basis of the evidence dis- 
cussed, that the outbreak of nephritis observed 
at the Great Lakes Naval Training Station was 
not related to group A hemolytic streptococcal 
infections, with the possible exception of one 
patient. Although we have no positive evidence, 
we suspect on clinical grounds that the associated 
infections were probably viral in origin. One pa- 


« 
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tient (Gol) had a complicating pulmonary lesion 
which clinically and radiographically appeared 
to be viral pneumonitis. In none of the patients 
did cold hemagglutinins develop. Upper re- 
spiratory infections due to adenoviruses were 
common at the training station during the time 
of outbreak of acute nephritis. Throat washings 
from five patients and renal biopsy material 
from one patient did not yield adenovirus. Sev- 
eral textbooks state, without presenting evidence, 
that acute glomerulonephritis may follow a 
variety of infections including those of virus 
etiology. However, the only well established 
instances of acute glomerulonephritis associated 
with viral infections found in a review of the 
literature included two following vaccination for 
smallpox [24,25] and one associated with in- 


fectious mononucleosis [23]. No evidence of 


recent hemolytic streptococcal infections was 
reported in the protocols of these patients but 
throat cultures and serum antibody studies were 


not made. 
Decreased serum complement has been used as 


evidence for an antigen-antibody pathogenesis of 


acute glomerulonephritis of the ordinary variety 
following group A_ hemolytic streptococcal 
infections [44-46]. Serum complement was 
decreased in the Great Lakes nephritis group, 
often for many weeks after proteinuria had 
cleared and in the absence of any obvious histo- 
logic evidence of glomerular damage. The 
significance of the decreased serum complement 
in these patients is not clear, although it is 
tempting to assume that it is evidence that the 
Great Lakes nephritis had an antigen-antibody 
pathogenesis. 

Since some of the Great Lakes patients 
received penicillin prophylaxis, the possibility 
of a renal manifestation of an allergic response to 
the drug should be considered. However, gross 
hematuria and proteinuria which persisted for 
more than a few days in the absence of other 
more common manifestations of a penicillin reac- 
tion would be most unusual. Furthermore, 
pharyngitis is not a feature of a penicillin reac- 
tion and the coincidental occurrence of pharyn- 
gitis and renal manifestations of a penicillin 
reaction in nine (one of ten had no pharyngitis) 
unselected patients with signs of acute glo- 
merulonephritis is statistically unlikely. Finally 
five patients had not received penicillin prophy- 
laxis. Although five patients were treated with 
antibiotics for their pharyngitis (three received 
terramycin®, one penicillin and one gantrisin®), 


the latent period in these patients was so short 
that the therapy was instituted after the onset of 
the acute nephritis in four. In none of the pa- 
tients did an eosinophilia develop. 

Focal non-suppurative glomerulonephritis is 
said to occur at the height of a variety of in- 
fections [5,29,47| and may be associated with 
chemical poisons and reactions to therapeutic 
agents such as the sulfonamides [47]. The impres- 
sion left by the literature is that the proteinuria 
and hematuria associated with these conditions 
are quite transient, generally lasting only during 
the febrile phase. In contrast, proteinuria in most 
of the Great Lakes patients persisted for several 
weeks or months after defervescence, and 
hematuria was even more persistent. Neverthe- 
less, the renal biopsy data obtained in the Great 
Lakes patients strongly suggest focal lesions. ‘The 
great majority of the glomeruli appeared en- 
tirely normal, yet the presence of erythrocytes 
in Bowman’s space and in some tubules and of 
blood cell casts in the tubules indicate the exist- 
ence of glomerular lesions, as do the proteinuria 
and hematuria. Perhaps, too, the occasional 
glomerular crescent and hyalinized glomeruli 
observed can be taken as evidence for a focal 
glomerular disease. Damage to a few glomerular 
capillary loops could result in proteinuria and 
hematuria. The renal biopsy technic, of course, 
permits examination of only a rather small sam- 
ple of glomerull. 

It is entirely possible that the glomerular 
lesions in the milder instances of acute glomeru- 
lonephritis following hemolytic streptococcal 
infections are also focally distributed. Un- 
fortunately, sufficient data on this point are not 
available to permit conclusions as to whether or 
not a focal distribution of glomerular lesions 
represents another difference between strepto- 
coccal and non-streptococcal nephritis. We 
believe that the Great Lakes patients suffered 
attacks of acute nephritis which, although 
the glomerular lesions were focally distributed, 
were examples of a specific disease of specific 
etiology. 


SUMMARY AND CONCLUSIONS 


_A study is reported of an outbreak of acute 
nephritis involving ten patients at the Great 
Lakes Naval Recruit Training Center. All but 
one of the cases were associated with pharyngitis. 
Leukocytosis was not a feature of the pharyngitis. 
Clinical and immunologic evidence ruled out 
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recent group A hemolytic streptococcal infec- 
tions in nine of ten patients. 

Compared to a group of eleven patients whose 
acute glomerulonephritis developed elsewhere 
following group A hemolytic streptococcal infec- 
tions, the Great Lakes nephritis group exhibited 
shorter latent periods between infection and on- 
set of nephritis, more gross hematuria, less 
hypertension, less edema and less renal func- 
tional impairment. 

Healing occurred during the period of ob- 
servation in at least eight of the Great Lakes 
nephritis group, as evidenced by disappearance 
of proteinuria although microscopic hematuria 
persisted for several months or more in most 
patients. 

Renal biopsies revealed evidence of glomeru- 
lar damage in the Great Lakes group which was 
much milder and presumably focal in distribu- 
tion as compared to more severe and prolifera- 
tive changes observed in patients whose acute 
nephritis followed group A hemolytic strepto- 
coccal infections. 

It is concluded that acute hemorrhagic 
nephritis can be associated with pharyngitis not 
of group A hemolytic streptococcal etiology. 
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HIS paper is a report of studies of two pa- 
§ pets with bronchogenic carcinoma in 
whom hyponatremia developed as the result of 
unexplained failure of renal sodium conserva- 
tion. The data indicate that sustained inap- 
propriate secretion of antidiuretic hormone was 
probably responsible for the disorder of sodium 
metabolism. The physiologic abnormality ap- 
pears to be analogous to that which can be 
produced by the continuous administration of 
pitressin®” and water to normal subjects. 


CASE REPORTS 


Case 1. W. A., a sixty-year old hat cleaner, com- 
plained of coughing up bright red blood for the previ- 
ous six weeks, and loss of 15 pounds of weight. On 
physical examination, he was well nourished. The 
blood pressure was 120/70 mm. Hg. There was 
marked clubbing of the fingers and toes which the 
patient said had been present all his life. Physical 
and neurologic examination was otherwise within 
normal limits. 

Initial routine laboratory studies revealed no ab- 
normalities in the hemogram. Urine examination was 
negative. Intravenous pyelogram revealed normal 
structure and excellent dye concentration in both 
kidneys. 

X-ray revealed a 4 by 5 cm. ill-defined mass in the 


region of the right pulmonary artery. A biopsy by 
bronchoscope demonstrated anaplastic carcinoma 
of the right main stem bronchus, and an exploratory 
thoracotomy revealed an inoperable tumor at the 
right hilum infiltrating the esophagus and aorta. In 
the postoperative period empyema developed, which 
was satisfactorily controlled with antibiotics and saline 
solution irrigations. ‘wo weeks after operation serum 
electrolytes and protein concentrations were measured 
as a routine procedure. [he following values were 
obtained: sodium, 121 mEgq./L.; potassium, 4.6 
mEq./L.; chloride, 88 mEq./L.; carbon dioxide con- 
tent, 24 mEq./L.; calcium, 10.0 mg. per cent; inor- 
ganic phosphate, 4.0 mg. per cent; albumin, 2.1 gm. 
per cent; globulin, 3.7 gm. per cent. The hemoglobin 
was 9.8 gm. per cent. The patient was given small 
amounts of normal saline solution and on the following 
day his serum sodium was 114 mEq./L. and his blood 
urea nitrogen was 9 mg. per cent. The urine sodium 
concentration was 70 mEq./L. At this time the physi- 
cal examination was within normal limits. ‘The blood 
pressure was 124/68 mm. Hg. Skin turgor and hydra- 
tion were good. There was no abnormal pigmentation 
and axillary and pubic hair were normal. During the 
next two days he was given hypertonic sodium 
chloride, despite which his serum sodium concentra- 
tion fell to 103 mEq./L. During this time the patient 
was asymptomatic. He was then given small doses of 
DOCA® and very large amounts of supplementary 
salt. Three days later metabolic studies were begun, 
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as described under “‘Results.”’ On the first day of these 
studies 20 mg. of DOCA were administered. 

The patient was discharged from the hospital two 
months later. It was found that on salt intake ad 
libitum and slightly restricted fluid intake his serum 
sodium concentration could be maintained at normal 
or near normal values without steroids. During the 
next three months he was readmitted on two occasions 
for further observation. His final admission occurred 
eight months after the initial studies and three months 
after his last period of observation. He was emaciated, 
and had severe diarrhea and jaundice. Despite sup- 
portive therapy his condition progressively deterio- 
rated, and he died three weeks after admission. 

Autopsy revealed extensive bronchogenic car- 
cinoma involving numerous mediastinal lymph nodes 
and the pericardium and invading and obscuring the 
vagus nerves. Metastases had obstructed the common 
bile duct and the pancreatic duct. There was extensive 
invasion of the adrenal area by metastatic tumor: the 
5 to 10 per cent of the one adrenal cortex which was 
found was histologically normal. There were scattered 
metastases in the kidneys, which were otherwise 
grossly and microscopically normal. The brain showed 
metastases in the cerebral hemispheres and cerebel- 
lum, and bilateral cystic degeneration in the region 
of the basal ganglia. The pituitary gland was normal 
on gross and microscopic examination. 


Case u. W. F., a fifty-six year old prizefighter, 
complained of anorexia, weakness and fatigability of 
one year’s duration. Five months before admission the 
symptoms rapidly became more severe, and he was 
admitted to an outside hospital where he was observed 
to have severe hyponatremia (serum sodium 105 to 
116 mEq./L.). The hyponatremia persisted despite 
administration of large quantities of salt and was ac- 
companied by continuous loss of sodium in the urine. 
There was no clinical evidence of salt depletion. ‘The 
non-protein nitrogen was 26 mg. per cent, and 
urinalysis was negative. He was found to have a 
duodenal ulcer. No adequate explanation could be 
found for the electrolyte disturbance, and he was 
admitted for further studies. 

On physical examination, he was found to have nor- 
mal skin turgor, normal body hair and no abnormal! 
pigmentation. The blood pressure was 200/110 mm. 
Hg. Physical and neurologic examination was other- 
wise within normal limits. The urine was normal on 
numerous occasions; the hemogram was normal. 

Chemical analyses revealed the following serum 
values: urea nitrogen, 12 mg. per cent; sodium, 
133 mEq./L.; carbon dioxide content, 31 mEq./L.; 
potassium, 5.6 mEq./L.; glucose tolerance test, fasting 
92 mg. per cent, thirty minutes 181 mg. per cent; 
sixty minutes 158 mg. per cent, 120 minutes 65 mg. 
per cent. Radioactive iodine uptake was normal 
(44 per cent) as was the basal metabolic rate (minus 
5 per cent). Alterations in serum sodium concentration 


and results of studies of renal and adrenal function are 
described under “‘Results.”’ 

X-ray film revealed a prominence in the left hilum, 
thought to be pulmonary artery, and a duodenal 
ulcer. The sella turcica was normal. 

Metabolic studies were instituted. Shortly there- 
after periods of aphasia and disorientation began to 
appear with increasing frequency and duration. On 
the fifty-eighth hospital day biparietal burr holes were 
made revealing normal cerebrospinal fluid pressures. 
During the next two weeks clouding of the sensorium 
became progressively deeper and more continuous, 
and on the seventy-first hospital day a right facial 
paralysis and a right hemiparesis developed. Shortly 
thereafter the patient lapsed into coma. On his 
ninety-seventh hospital day he had hypotension for 
the first time, and two days later he began passing 
large amounts of dark red blood by rectum. This 
persisted, and despite numerous transfusions he failed 
rapidly; he died on his 101st hospital day. 

Autopsy revealed a bronchogenic carcinoma meas- 
uring 8 by 4 cm. extending from the arch of the aorta 
to the left main stem bronchus, surrounding and com- 
pressing the left pulmonary artery and vein, involving 
numerous hilar lymph nodes, and invading and 
obscuring the vagus nerves. The sole extrathoracic 
metastasis was a single nodule, 0.8 cm. in diameter, 
in the medulla of the left adrenal gland, which was 
otherwise normal in size and structure, as was the 
right adrenal. The adrenal glands together weighed 
15.5 gm. There were three duodenal ulcers one of 
which had eroded a small artery. The kidneys were 
grossly normal and showed only minimal arterio- 
sclerosis. The brain showed encephalomalacia of the 
left internal capsule and caudate nucleus and of 
the right globus pallidus, pons and hippocampus. 
The pituitary gland was normal on gross and micro- 
scopic examination. 


METHODS 


The patients were offered weighed diets which con- 
tained little sodium, but were otherwise normal in 
composition. Sodium chloride was added each day 
with weighed salt shakers in order to raise the sodium 
intake to the desired level. On various occasions extra 
sodium chloride loads were administered intra- 
venously as 2.5 to 5 per cent solutions. In the study of 
W. A., 40 mEq. of potassium chloride were added to 
the daily intake from the seventeenth day to the end of 
the study. Absolute constancy of intake was impossible 
in W. A. because of frequent rejections of variable 
amounts of salt and food; and on one occasion the 
composition of the diet was changed. Food which was 
refused and vomitus were analyzed. In the studies of 
W. F., urinary incontinence resulted in occasional in- 
complete collections; losses were estimated not to 
have exceeded 100 cc. per day. 

Measurements of inulin and p-aminohippurate 
clearances were made in the standard manner. The 
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Fic. 1. Urine sodium, urine and serum osmolality, serum sodium concentration, body weight and 
steroid therapy during a thirty-five-day balance study of W. A. Dietary sodium intake was as follows: 
Days 1 to 9, 62 mEq. Days 10 to 35, 42 mEq. Supplementary sodium intake is indicated by arrows. 


For net intake (corrected for refusals) see Table 


analytic procedures, the methods used in the calcula- 
tions of results, and other details of the balance technic 
have been described previously [2,3]. Osmolality of 
the urine and blood was estimated from freezing point 
depression. 17-Hydroxycorticoids were measured with 
and without the administration of 40 units of ACTH 
intravenously over an eight-hour period. Urinary 
aldosterone was measured by a method previously 
described [4]. The radiosodium, radiosulfate and 
radiopotassium spaces were determined simul- 
taneously by the method of Burrows, Hine and 
Ross [5]. 


RESULTS 


Effects of Altering Sodium Intake. (Table 1 and 
Figs. and 2.) Patient W. A. (Table 1 and Fig. 
1) was transferred from the Surgical Service, 
where he had been receiving large amounts of 
hypertonic saline solution and 10 mg. of desoxy- 
corticosterone acetate (DOCA) daily for three 
days. On the first day of the metabolic study the 
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serum sodium concentration was 136 mEq./L. 
and the osmolality 282. DOCA, 20 mg., was 
administered on the first day and then discon- 
tinued. The patient was offered a constant 
diet containing 62 mEq. of sodium per day. 
During the first six days the serum sodium con- 
centration fell to 108 mEq./L., and the serum 
osmolality to 220. During this time the urine 
sodium excretion rose to levels of 150 to 200 
mEq. per day with a simultaneous urine osmolal- 
ity of 300 to 600. ‘The body weight at the end of 
this period was the same as at the beginning of 
the study. On day 7 the oral sodium intake was 
supplemented by intravenous sodium chloride 
to make a total of 608 mEq. On the following day 
the serum sodium concentration was 119 
mEq./L. During the next three and a half days 
the serum sodium fell to 103 mEq./L. and 
osmolality to 202. The urine sodium. ranged 
between 143 and 242 mEq. per day and urine 
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Fic. 2. Urine sodium, serum sodium concentration and body weight during a twelve- 
day balance study of W. F. Dietary sodium intake was as follows: Days 1 to 7, 80 mEq. 


Day 8, 180 mEq. Days 9 to 12, 326 mEq. 


osmolality between 345 and 537. The body 
weight at the end of this period was 1.2 kg. less 
than at the beginning of the period. Loss of 720 
cc. by vomitus contributed to this change. The 
blood urea nitrogen varied between 5 and 9 mg. 
per cent, the blood pressure remained in the 
vicinity of 120/70 mm. Hg, and there was no 
clinical evidence of dehydration. On days 10 and 
11, when hyponatremia was most severe, there 
was Nause€a, one episode of vomiting, and marked 
irritability and aggressiveness. Even when the 
serum sodium concentration was as low as 103 
mEq./L., large amounts of sodium were excreted 
in the urine and no renal sodium conservation 
was apparent. 

When large quantities of sodium chloride were 
administered intravenously on days 7, 11 and 12, 
from one-third to one-half of the administered 
sodium was found in the urine during the days of 
infusion. The sodium balance was negative by 
the following day. These loads produced rises in 
serum sodium concentration of 2 to 11 mEq./L., 


the highest value attained being 119 mEq./L. 
There was no increase in body weight with the 
increases in serum sodium concentration. 
Patient W. F. was given sodium chloride in- 
travenously on two occasions while the dietary 
sodium intake was 80 mEq. per day. (Fig. 2.) 
On the first occasion, when 580 mEq. were 
administered, the serum sodium concentration 
rose from 115 to 125 mEq./L. More than two- 
thirds of the total sodium intake was found in 
the urine during the day of infusion, and the 
sodium balance was negative by the following 
day. Four days later when the serum sodium 
concentration was 123 mEq./L., the patient 
received an infusion of 430 mEq. of sodium 
chloride. The serum sodium concentration rose 
to 130 mEq./L. and during this day more than 
40 per cent of the total sodium intake was found 
in the urine. Sodium balance was negative by 
the following day. During the subsequent four 
days oral sodium intake was maintained at 
326 mEq. per day. The sodium balance became 
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Fic. 3. Urine sodium, serum sodium concentration, body weight and steroid 


therapy during a nine-day study of W. F. 


negative by the second day of this regimen, and 
the serum sodium fell from 130 to 114 mEq./L. 
Body weight throughout this entire twelve-day 
period of study remained essentially unchanged. 
It should be noted that the values for urinary 
sodium excretion are minimal figures; the 
determined sodium balance would have been 
more negative (or less positive) had there not 
been instances of urinary incontinence. Simul- 
taneous urine and serum osmolality determined 
on many occasions consistently showed that the 
urine was hypertonic to the serum even when 


the serum osmolality was markedly subnormal. 
Thus while the plasma osmolality ranged from 
240 to 260, the urine osmolality ranged between 
390 and 590. 

Summary: Both subjects showed continuous 
urinary sodium loss without corresponding loss 
of water or body weight. Despite progressive falls 
of serum sodium and osmolality, the urine re- 
mained continuously hypertonic to the plasma. 
Only transient elevations of serum sodium could 
be produced with large ‘‘loads’’ of hypertonic 
saline solution. 
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Effect of Sodium-Retaining Steroids. DOCA, 
20 mg., or fluorohydrocortisone, 1 mg., high sodium 
intake: DOCA, 20 mg. daily, was administered 
to W. A. (Table 1 and Fig. 1) for seven days 
(days fifteen to twenty-one) while the sodium 
intake was maintained between 265 and 408 
mEq. per day by the administration of addi- 
tional sodium chloride intravenously, as shown 
in Figure 1. The urine sodium fell steadily for the 
first five days to reach a lower limit of 68 mEq. 
on the fifth day (day 19) and then rose to ap- 
proximately three times this figure despite the 
continued administration of DOCA | 2}. Despite 
this rise in sodium excretion, sodium balance 
remained positive throughout the seven-day 
period with a total positive sodium balance of 
1.154 mEq. The urine osmolality ranged be- 
tween 332 and 470. During this time the serum 
sodium concentration rose from 115 to 135 
mEq., L. and serum osmolality from 230 to 271. 
The body weight rose during the first five days 
by a total of 3 kg. and then fell abruptly to the 
initial level. This weight loss was attributable to 
removal by enema of a large quantity of feces 
which had been accumulating throughout the 
entire study. The serum potassium fell from 4.1 
mEq./L. to 2.3 mEq., L. during administration 
of DOCA, and returned to the initial level after 
DOCA was stopped. Hydrogen ion excretion, 
as estimated from urine ammonium and t- 
tratable acidity, rose when DOCA was admin- 
istered, and fell again when it was discontinued. 

Fluorohydrocortisone, 5 mg. daily, was ad- 
ministered to W. F. (Fig. 3) after a preliminary 
four-day period during which his serum sodium 
concentration had been maintained at levels of 
approximately 120 mEq./L. by daily adminis- 
tration of 520 mM. of sodium chloride. On this 
medication the serum sodium concentration rose 
in stepwise fashion to 137 mEq./L., and the body 
weight rose by 3 kg. Urine sodium fell to ap- 
proximately half of the control values, indicating 
sodium retention of approximately 1,000 mEq. 
during the treatment. “he actual figure may 
have been somewhat less, because there were 
small losses of urine, estimated to be less than 5 
per cent of the average daily volume. The study 
was discontinued because of severe hypokalemia. 

DOCA, 20 mg., low sodium intake (Table 1 and 
Fig. 1): DOCA in a dose of 20 mg. daily was 
given to patient W. A. for an additional six 
days (days twenty-two to twenty-seven), with a 
sodium intake of 42 mEq. daily. The urine 
sodium fell abruptly with institution of the low 
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sodium regimen but did not become as low as the 
intake until the sixth day. There was a total 
negative sodium balance of 151 mEq. during this 
six-day period. Urine osmolality fell from 490 
to 198. During this time the serum sodium con- 
centration fell from 135 mEgq./L. to121 mEgq./L. 
and serum osmolality from 271 to 248. The body 
weight rose a total of 1 kg. during this six-day 
period. 

DOCA, 5 mg., low sodium intake (Table 1 and 
Fig. 1): DOCA, 5 mg. daily, was given to W. A. 
for four days (days twenty-eight to thirty-one) 
together with a sodium intake of 42 mEq. per 
day. The urine sodium rose to approximately 
100 mEq. per day. There was a total negative 
sodium balance of 224 mEq. Urine osmolality 
ranged from 167 to 311. The serum sodium 
concentration was 121 mEq./L. at the begin- 
ning and 119 mEq./L. at the end of the period. 
Body weight fell 0.5 kg. 

Withdrawal of DOCA (Table 1 and Fig. 7): 
DOCA was withdrawn from patient W. A. 
(Table 1, Fig. 1) and the effects observed for a 
four-day period (days thirty-two to thirty-five) 
with a dietary sodium of 42 mEq. per day. The 
urine sodium excretion rose further, and there 
was a total negative balance of 392 mEq. The 
urine osmolality ranged from 178 to 215. The 
serum sodium concentration was 119 mEq./L. 
at the beginning and 117 mEq./L. at the end of 
the period. Body weight fell by 2.8 kg. 

Summary: Both subjects responded to salt- 
retaining steroids with normal sodium retention. 
The serum sodium concentration and body 
weight rose. 

Effect of Changes in Fluid Intake. (Figs. 4, 5 and 6.) 
Three months after the initial metabolic studies, 
W. A. (Fig. 4) was admitted to the hospital for 
study of the effects of dehydration on electrolyte 
excretion. He was given a daily water intake of 
approximately 2,000 cc., a value about twice 
that which he had been taking, and approxi- 
mately 10 mEq. of sodium. After a three-day 
control period he was subjected to dehydration 
for six days and then a liberal intake of fluid was 
resumed. During the first three days, when the 
fluid intake was liberal, the patient’s urine 
sodium varied between 75 and 109 mEq. per 
day, and urine osmolality between 490 and 641. 
The serum sodium concentration decreased from 
127 to 114 mEq./L. Body weight did not 
change significantly. With dehydration the urine 
sodium decreased steadily to a minimum value 
of 6 mEq. per day. During the afternoon and 
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Fic. 4. Fluid intake, urine sodium, blood urea nitrogen, serum sodium and osmolality, and 
body weight during a fifteen-day study of W. A. Supplementary sodium intake is indicated by 


arrows. 


evening of the first day of dehydration, 290 mEq. 
of sodium chloride were given intravenously as a 
5 per cent solution. In contrast to the very large 
sodium diuresis produced by similar procedures 
previously, the sodium excretion fell to 36 mEq. 
per day. The serum sodium concentration rose 
from 114 to 123 mEg./L., and during the next 
five days increased to 135 mEq./L. The body 
weight fell by 4.9 kg. With rehydration, the urine 
sodium rose progressively as the serum sodium 
fell. Body weight rose by 2.6 kg. On the third 
day 56 mEq. of sodium was excreted on an intake 
of 10 mEq. When sodium loads were given after 
rehydration (Fig. 4, days thirteen and fifteen), 
there were again large increases in urinary 
sodium. The blood urea nitrogen showed a 
transitory rise during dehydration. 

In W. F. (Fig. 5) after the fluid intake had 
been 2,000 cc. per day for a two-week period, 
with maintenance of a normal serum sodium 


concentration and an essentially constant body 
weight, the fluid intake was increased to 3,000 cc. 
per day. There promptly followed a marked rise 
in urinary sodium excretion to figures greater 
than the intake (140 mEq. per day), and a fall in 
serum sodium concentration from 142 mEq. /L. 
to 120 mEq./L., while body weight rose 2 kg. 
W. A. was subjected to a rapid expansion of 
extracellular fluid by the administration of 
2,000 ce. of sodium chloride solution intra- 
venously over a two-hour period, at a time when 
his serum tonicity was subnormal (sodium 116 
mEq./L., 234 mOsm.). (Fig. 6.) The concen- 
tration of sodium in the infusion was 142 
mEq./L. This was sufficient to raise the serum 
sodium and osmolality by small but significant 
amounts during the infusion. The procedure 
resulted in a rise in urine flow from between 1 
and 2 cc. to 17 cc. per minute. Urine osmolality 
fell progressively from 449 to 151 and the osmolar 
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Fic. 5. Fluid intake, urine sodium, serum sodium concentration and body weight 
during a seven-day study of W. F. Minimum osmolality of urine (based on 2 X 
Na] + [K]) ranged from 280 to 440 on days 4 through 7. 


U/P ratio from 1.75 to 0.60. Concomitantly the plasma; this was followed promptly by a 
sodium excretion rose from initial values of | reduction in urine osmolality to values below 
approximately 100 wEq./minute to 1,000 wEq./ those of the plasma, with copious diuresis. 


minute at the height of the diuresis. “Space” Estimations. Radiosulfate, radtosodium 

Summary: In both subjects fluid restriction and radiopotassium spaces: On day nine (Fig. 1), 
led to sodium retention and a return of the when the serum sodium concentration was 112 
serum sodium concentration to normal. Restora- mEq./L., radiosulfate, radiosodium and radio- 


tion of liberal fluid intake re-established the — potassium spaces were determined in W. A. 
sodium-losing syndrome. One subject was given The twenty-minute radiosulfate and _ radio- 
a rapid infusion of saline hypertonic to his sodium spaces were 17.2 and 17.3 L. respec- 
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Fic. 6. Urine and serum osmolality, urine volume and urine sodium excretion during the rapid infusion of ‘‘normal”’ 


saline solution to W. A. 


tively, a volume of distribution equal to about 
26 per cent of body weight. These values are 
approximately 50 per cent greater than those 
obtained in normal subjects by these methods 
'6,7|. At twenty-four hours the “total body 
sodium’? exchangeable with the isotope was 
estimated at 2,388 mEq. or 36.3 mEq./kg. This 
value is approximately 25 per cent below that 
obtained in normal subjects by this method. If, 
however, the sodium which had been lost by the 
patient during the time his serum sodium was 
falling from normal levels be added to it, then the 
‘‘corrected’’ total body sodium is normal (44.8 
mEq./kg.). At twenty-four hours the ‘“‘total 
body potassium” exchangeable with the isotope 
was estimated at 2,193 mEq. or 33.3 mEq./Kg. 
This value is approximately 25 per cent below 
that obtained in normal subjects by this method. 
Even when the apparent expansion of extra- 
cellular fluid volume is taken into consideration, 
the corrected per kg. value remains below normal. 

“Chloride space’? changes: From the data in 
Table 1, chloride spaces were calculated for 
W. A. They showed (1) a net decrease of 0.3 L. 
during metabolic days 1 through 6 (Fig. 1) be- 


fore administration of any salt loads, (2) a net 
decrease of 0.4 L. during metabolic days 1 
through 9, which included a salt load on day 7 
(3) an increase of 5.7 L. during metabolic days 
15 through 21 when DOCA was administered 
with a high salt intake, (4) a decrease of 0.2 L. 
during metabolic days 22 through 31 when 
DOCA was given with a low salt intake, and 
(5) a decrease of 2.3 L. during metabolic days 32 
through 35 after DOCA was discontinued. 
Summary: The extracellular fluid volume 
appeared to be substantially above normal in the 
one subject in whom it was estimated. In this 
subject, chloride space did not decrease signifi- 
cantly as hyponatremia developed but increased 
markedly during administration of DOCA. 
Adrenal Function. ‘The clinical findings rele- 
vant to adrenal function were as follows: There 
was no abnormal pigmentation, axillary and 
pubic hair were normal, and blood pressure 
was normal in one subject and persistently high 
in the other. Even with severe hyponatremia, 
there was no evidence of dehydration, blood 
pressure remained unchanged, and there was no 
fever, diarrhea or rise in serum potassium con- 
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centration. In both patients (vide supra) a normal 
serum sodium concentration could be main- 
tained for extended periods by simple fluid 
restriction with low or moderate sodium intake. 

In W. A., circulating eosinophils fell from 700 
to 187 after eight hours of administration of 
ACTH: twenty-four-hour urinary 17-hydroxy- 
corticoids rose from 6.4 to 12.7 mg. Aldosterone 
excretion was measured twice on low and twice 
on high sodium intakes while the serum sodium 
concentration ranged from 103 to 115 mEq./L., 
and showed a range from 3 to 5 wg. per day. In 
\W. F., circulating eosinophils fell from 188 
to 13 after eight hours of administration of 
ACTH; plasma 17-hydroxycorticoids rose from 
8 to 35 we. per 100 cc., and twenty-four-hour 
urinary 17-hydroxycorticoids rose from 9 to 22 
me. Aldosterone excretion was measured on a 
normal sodium intake (80 mEq. per day), while 
the serum sodium concentration was 120 
mEq. L., and was found to be 5 ug. per day. 

The pathologic findings (vide supra) showed 
normal adrenal cortices in the subject who died 
shortly after the studies were completed, and 
extensive invasion of the adrenal cortices in the 
other who died eight months after the studies 
were made. 

Summary: Both subjects showed normal ad- 
renal cortical function as judged from clinical 
and biochemical evidence. 

Renal Function. ‘The urine was normal on 
numerous occasions in both subjects, as was 
the blood urea nitrogen. In W. A. the inulin 
clearance was 120 cc./minute and the p-amino- 
hippurate clearance 694 cc./minute, when the 
serum sodium concentration was 108 mEq./L. 
In W. F. the inulin clearance was 170 cc./min- 
ute and the p-aminohippurate clearance 650 
cc./minute, when the serum sodium concentra- 
tion was 124 mEq./L. 

The pathologic findings (vide supra) showed 
that the kidneys were normal both grossly and 
microscopically except for scattered metastases 
in one subject and minor arteriosclerotic changes 
in both. 

Summary: Both subjects showed normal renal 
function as judged from urinalyses, glomerular 
filtration rates and renal plasma flows. 


COMMENTS 


These two patients with mediastinal tumors 
presented a syndrome in which the cardinal 
feature was hyponatremia. Renal and adrenal 
cortical function was normal. As hyponatremia 
and hypotonicity of the extracellular fluid 
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developed, the urine was persistently hypertonic 
to the plasma.. According to current concepts, 
hypertonicity of the urine, in the presence of a 
normal glomerular filtration rate, constitutes 
prima facie evidence for the presence of anti- 
diuretic hormone (ADH) |S—70}. It is postulated 
that there was sustained, inappropriate secre- 
tion of ADH in these subjects, and that this was 
responsible for the disorder of sodium metab- 
olism. When pitressin and abundant fluids are 
given continuously to normal subjects a similar 
pattern of hyponatremia with persistently 
concentrated urine also is observed [77]. Normal 
subjects treated in this fashion* exhibit negative 
sodium balance, as did the patients in the 
present study [77]. When, on the other hand, 
pitressin is given continuously to normal sub- 
jects and fluid intake is restricted, hyponatremia 
and urinary sodium loss do not occur; similarly, 
sodium loss ceased and serum sodium concentra- 
tion rose to normal values when the patients’ 
fluid intake was restricted. 

The: production of ADH in these subjects 
could not have been governed by normal osmo- 
regulatory mechanisms | /3], since it persisted in 
the face of progressive reduction in the tonicity 
of the plasma. Reduction of extracellular fluid 
volume may lead to elaboration of an hypertonic 
urine, possibly via the secretion of ADH [74]. 
There was no clinical evidence of dehydration 
in the subjects reported here. Indeed, the values 
for the twenty-minute radiosulfate and radio- 
sodium spaces indicated that the extracellular 
fluid volume in W. A. was increased at a time 
when the serum sodium concentration was far 
below normal. In the absence of any known 
stimulus to ADH production, it appears likely 
that its continued inappropriate secretion was a 
result of the disease process. 

It is unlikely that the continued production of 
ADH in these subjects represented a lowered 
threshold for stimulation of osmoreceptors (such 
as might result from primary reduction of the 
osmolality of cells), since hypertonicity of the 
urine persisted in spite of a plasma osmolality as 
low as 202. The response to sodium-retaining 
steroids furnishes further evidence that the 
hypotonicity was probably not a result of a very 
low “‘setting’’? of an osmoregulator controlling 


* Normal subjects given pitressin while unaware of the 
nature of the medication and offered water ad /tbitum 
continued to drink water in sufficient quantities to de- 
velop and maintain a severe sodium-wasting syndrome 
with progressive hyponatremia for as long as two 
weeks [72]. 
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INTAKE URINE 
400 mOsmols 
» «INTAKE 2000 
SERUM 800 cc. 
1000 cc. insensible Loss HYPOTONIC 400 mOsmols 
1000cc. 
“OSMOLALITY “=400 OSMOLALITY = 500 
400 mOsmols 
INTAKE 3000 cc.] 
SERUM i800 cc. 
onl Insensible Loss HYPOTONIC 400 mOsmols 
“OSMOLALITY "= 200 OSMOLALITY «220 


Fic. 7. Diagram to illustrate the production of serum hypotonicity despite urine osmolality 
below that of plasma. Both subjects are shown as accumulating 200 cc. per day. 


the secretion of ADH. If this were the case the 
sodium retained on steroid therapy should, by 
producing hypertonicity of body fluid relative to 
this setting, lead to further output of ADH and 
further water retention, thus maintaining the 
hypotonic state. In these subjects, however, 
serum tonicity rose markedly with steroid ther- 
apy, and the urine did not even approach its 
maximum osmolar concentration. 

It should be noted that it is not necessary that 
the urine be hypertonic to the plasma in order 
that the tonicity of the serum fall below normal 
or be maintained at subnormal levels; it is essen- 
tial only that the ‘‘osmolality of the total intake”’ 
be lower than or equal to that of the urine. * 
(Fig. 7.) Indeed, all available evidence indicates 
that when the urine is not maximally dilute, 


* The “‘osmolality of the total intake” is here taken to 
mean the osmolality of an hypothetic solution in which 
all the actual and potential solute particles in the diet 
destined for urinary excretion are dissolved in an 
amount of fluid equal to that in the diet (including 
water of oxidation) minus that of the ‘‘insensible loss.”’ 


this alone, in the presence of a normal glo- 
merular filtration rate, constitutes evidence for 
the continued presence of ADH. 

When W. A. was subjected to a rapid expan- 
sion of his extracellular fluid with saline slightly 
hypertonic to his serum, there ensued a copious 
diuresis of hypotonic urine (17 cc./minute with 
osmolar U/P .61). A response such as this to 
expansion of body fluid volume may explain 
the failure of these subjects to retain water 
indefinitely. It is likely that a critical expansion 
of volume would be reached spontaneously 
which would set in operation a similar train of 
events. It is not certain from the evidence at 
hand whether this phenomenon is the result 
of a decrease in the production of ADH or 
represents an ‘“‘escape”’ from ADH such as that 
described in normal subjects given mannitol 
during constant infusions of pitressin [75]. 

During days 1 through 6 of the metabolic 
study in W. A. there was no weight change and 
the serum osmolality fell by 62. If it is assumed 
that osmotic equilibrium is maintained between 
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intracellular and extracellular fluid, and that 
total body water is not less than 50 per cent of 
the body by weight, this implies the removal of 
approximately 2,000 mOsmol. during the six- 
day period. In fact, there was a slightly positive 
potassium balance during this period and the 
negative sodium and chloride balance accounted 
for only about 1,000 mOsmol. The hazards 
inherent in the rigid interpretation of cumulative 
metabolic data are well recognized, but this 
‘“‘osmotic”’ discrepancy appears to be significant 
even after liberal allowances are made for skin 
loss. A similar calculation for the period ending 
on day 11 gives comparable results. It follows, 
therefore, if our assumptions are correct, that 
progressively larger amounts of intracellular sol- 
ute must have become osmotically “inactive” 
as the serum tonicity decreased. Whether this 
was a result or could possibly have been a cause 
of the inappropriate secretion of ADH postu- 
lated here cannot be determined from the infor- 
mation at hand. 

During the first six days the fall in serum 
osmolality would have been expected to result 
in a gain of approximately 9 L. of intracellular 
water. However, as there was no increase in 
body weight, intracellular dilution could not 
have resulted from a positive water balance. 
There was no clinical or laboratory evidence 
that significant amounts of fluid had shifted 
from the extracellular to the intracellular space. 
The chloride space did not change, and the 
radiosodium and radiosulfate determinations 
showed an abnormally large extracellular 
volume. The blood pressure did not fall, there 
were no symptoms suggestive of vascular col- 
lapse, and the glomerular filtration rate was nor- 
mal. One is therefore forced to the conclusion 
that, as suggested, intracellular solute had 
become osmotically “‘inactive.”’ 

Weight gain did not occur in either subject 
when the serum sodium concentration was raised 
with hypertonic saline solution. When, in con- 
trast, the serum sodium concentration rose as the 
result of increased tubular reabsorption of 
sodium produced by steroids, body weight in- 
creased and the urine volume decreased. It is 
unlikely that the water retention with the 
steroids can be attributed to increased secretion 
of ADH in response to the rise in serum osmolal- 
ity [73], as in that case it should have occurred 
with hypertonic saline solution as well. Further- 
more, the ADH output in these patients ap- 
peared in all other respects to be independent of 
serum tonicity. If the action of ADH is to allow 
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a dilute tubular urine to become isotonic with 
plasma at a distal site [70,76], then a steroid- 
induced increase of sodium reabsorption proxi- 
mally thereto might be expected to allow it to 
induce more water reabsorption. | 

After the serum sodium had been raised by 
infusion of hypertonic saline solution, weight loss 
did not occur in either subject during the subse- 
quent spontaneous fall in the serum sodium 
concentration. When steroid therapy was dis- 
continued, however, loss of weight accompanied 
the sodium loss. The tonicity of the urine fell. 
This phenomenon may be in part a reversal of 
the one discussed. It is likely, however, that it 
represents also a response to overexpansion of 
the extracellular fluid, exactly analogous to that 
produced when W. A. was given an infusion of 
sodium chloride. (Fig. 6.) It should be noted 
(Fig. 1) that the loss of sodium and water began > 
even before DOCA was discontinued, at a time 
when the chloride space showed an expansion of 
5.7 L. A similar escape from the influence of 
DOCA has been described for normal sub- 
jects [2]. 

These studies do not explain the mechanism 
whereby continued inappropriate secretion of 
ADH might have been produced in these pa- 
tients. Each patient had a mediastinal tumor, 
and it may be that the stimulus arose as a result 
of a direct effect on some intrathoracic structure, 
such as the vagus nerves [77]. Each patient also 
had brain disease, and this may have served in 
some fashion to produce continued secretion of 
ADH. The mechanism by which inappropriate 
ADH in turn allows sodium loss probably in- 
volves (1) an increase of glomerular filtration 
rate |3] and (2) a failure of aldosterone secretion 
to rise as it would from the volume contraction 
which ordinarily accompanies sodium deple- 
tion {3}. 

Asymptomatic hyponatremia with apprecia- 
ble sodium in the urine has been reported in 
patients with pulmonary tuberculosis and 
meningitis {78-27} and in one patient with 
bronchogenic carcinoma [7/8]. These patients 
resembled those reported here in showing no 
dehydration, vascular collapse or nitrogen reten- 
tion as the serum sodium fell. In fact, normal to 
high extracellular fluid volumes have been ob- 
served in patients with hyponatremia and tuber- 
culous meningitis [27,22]. Patients with so- 
called asymptomatic hyponatremia previously 
reported on differ from our subjects in that their 
serum sodium concentration tended to stabilize 
at moderately reduced levels. It is possible that 
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the mechanism whereby hyponatremia was 
produced and maintained in some of the re- 
ported cases was related to that in our two 
patients, but critical data bearing on this point 
are not available. 


SUMMARY AND CONCLUSIONS 


Studies are reported on two subjects with 
bronchogenic carcinoma who had marked 
progressive hyponatremia with urinary sodium 
loss, despite normal renal and adrenal function. 
The urine was persistently hypertonic to the 
plasma, and contraction of body fluid volume 
did not occur as sodium depletion and hypo- 
tonicity of the plasma progressed. 

It is postulated that the underlying disease 
process induced in some manner a sustained, 
inappropriate secretion of antidiuretic hormone, 
and that the syndrome was a consequence of 
the resultant expansion of body fluid volume. 

All the essential features have been produced 
in normal subjects by continuous administration 
of pitressin and water. As with the normal sub- 


jects, restriction of fluids in the patients reported 


here prevented sodium loss and hyponatremia. 

It is possible that the hyponatremia previously 
reported in patients with pulmonary and central 
nervous disease has a similar pathologic physi- 
ology, but critical data to settle this question 
are not available. 
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Hypernatremia, Azotemia and Acidosis after 


Cerebral Injury’ 


GILBERT L. GORDON, M.D. and FRED GOLDNER, M.D. 


Mt. Kisco. New York 


N recent years, attention has been focused on 
I the incidence of hypernatremia and/or 
hyperchloremia in patients who have disorders 
of the central nervous system [7-79]. Examina- 
tion of these patients also has revealed the pres- 
ence of hyponatruria and/or hypochloruria 
1-4,7-11,13,14,17-19|, azotemia [7—4,6,7,70-73, 
17,78|, and frequently hypokalemia or hyper- 
kaluria |7,3,6,9,70,72,75,78}. Frank renal lesions 
were present in only two series [2,3]. Neuro- 
hypophyseal insufliciency was present in only 
four cases | 74-76,79|. In view of these facts, some 
investigators have proposed a causal relationship 
between the disturbance of the central nervous 
system and hypernatremia. 

This report concerns two patients in whom 
hypernatremia, azotemia and acidosis developed 
following severe craniocerebral trauma, with 
abnormalities in the serum potassium concentra- 
tions and the electrocardiograms. Possible 
mechanisms are discussed and the pertinent 
literature reviewed. Therapeutic implications 
are noted. 


CASE REPORTS 


CaseE1. A white man, thirty-four years of age, who 
had been hit by a truck, was unconscious when 
admitted to the Neurosurgical Service of Brooke 
Army Hospital on January 20, 1952. Examination re- 
vealed lacerations, abrasions and contusions of the 
lower extremities. The blood pressure was 125/80 mm. 
Hg; pulse rate, 120; respiratory rate, 36; and the 
temperature, 104°r. Localizing neurologic signs were 
not present. During the evening of the first day blood 
pressure increased to 170/110 mm. Hg, pulse rate to 
168, and respiratory rate to 48. The coma deepened, 
and there was marked decerebrate rigidity and a 
2 plus papilledema. Bilateral trephines in the temporal 
and parietal regions revealed a tense, non-pulsatile 
“wet” brain with 30 cc. of clear fluid in the sub- 
arachnoid space of the left parietal area. A tracheot- 
omy was performed and an indwelling catheter was 
inserted into the bladder. 


Nashville, Tennessee 


During the first ten days of hospitalization the pa- 
tient remained unconscious and could not be aroused. 
His temperature ranged from 101° to 105°r. but was 
usually between 102° and 104°r. Tachypnea, ranging 
from 24 to 48 respirations per minute, with shallow to 
normal respiratory excursion and constant profuse 
diaphoresis were evident. Except for episodes of 
tachycardia and hypotension on January 23 and 
28, for which albumin was administered intravenously 
the pulse rate and blood pressure remained moder- 
ately elevated. During this ten day period the patient 
received an average daily intake of 45 gm. of protein, 
35 mEq. of potassium, 21 mEq. of sodium and 2,460 
cc. of water. The average daily urinary volume was 
1,020 cc. The specific gravity of the urine was 
recorded as 1.022 on January 28. The blood urea ni- 
trogen was 49 mg. per 100 cc. on January 24 and 112 
mg. per 100 cc. on January 29; additional blood 
chemistry studies were not performed. 

In Figures 1A and B, some pertinent findings from 
the eleventh through the fortieth hospital days 
are shown. On February 1, twelve days after the 
patient’s admission to the hospital, the blood urea 
nitrogen was 154 mg. per 100 cc. and the plasma 
bicarbonate was 21 mEq./L. Later that day the 
blood pressure decreased to 90/70 mm. Hg, the 
pulse rate increased to 120 and albumin was given 
intravenously. On February 2 the patient ap- 
peared very dehydrated but profuse diaphoresis 
continued. On February 3 the blood pressure 
and pulse rate were unobtainable and the patient 
appeared moribund. Albumin and neosynephrine® 
were administered intravenously. Plasma _ elec- 
trolyte concentrations at 8:00 a.m. on February 4 
were: 192 mEq. of sodium, 8.7 mEq. of potassium, 
12 mEq. of bicarbonate and 133 mEq. of chloride per 
liter. ‘The blood urea nitrogen was 290 mg., the plasma 
inorganic phosphorus was 12.5 mg. and the total 
proteins were 8.0 gm. per 100 cc. By 4:30 p.m. the 
patient received 3,000 cc. of fluid (including neo- 
synephrine, given intravenously, which maintained 
the blood pressure at 100/80 mm. Hg), but the 
urinary output was negligible; the plasma concentra- 
tions of sodium and potassium had decreased to 170 
and 6.2 mEq./L., respectively. An electrocardiogram 
taken at this time revealed slight I’ wave changes 


* From the Surgical Research Unit, Brooke Army Medical Center, Fort Sam Houston, Texas. 
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Fic. 1A. Case 1. Development of hyperosmolarity of body fluids after serious craniocerebral trauma. Black columns indi- 
cate intake and white columns urinary output. Nitrogen output depicts urine urea nitrogen only. Blood urea nitrogen 
(BUN) is expressed in mg./i100 cc., total protein (TP) in gm./100 cc., electrolytes in mEq./L. Urea clearance (Cures) is a 


twenty-four hour clearance expressed in cc./minute. 


* Changes brought about by four hours of extracorporeal hemodialysis with the artificial kidney. ‘Tachypnea, fever 
and diaphoresis are approximated as follows: Tachypnea: 1 plus, twenty to twenty-four/minute; 2 plus to 28/minute; 
3 plus to 32/minute; 4 plus above 32/minute. Fever: 1 plus to 100°F.; 2 plus to 102°Fr.; 3 plus to 104°F.; and 4 plus 
above 104°r. Diaphoresis approximated clinically from 1 plus to 4 plus; 4 plus represents continuous drenching perspira- 


tion which required at least six bedding changes daily. 


compatible with hyperkalemia. (Fig. 2.) During the 
next twelve hours the patient received 5,240 cc. of 
water and by 11:00 p.m. the plasma electrolyte con- 
centrations had fallen as shown in Figure 1A. During 
the twenty-four hours of February 4 the patient 
received a total of 8,240 cc. of water and 340 mEq. of 
sodium; the urinary volume was 1,160 cc.; and de- 
spite the unusually high concentration of sodium in 
the plasma, the concentration of this ion in the urine 
was only 21 mEq./L. The urine specific gravity was 
1.008. 

From February 5 through February 8 the patient 
received an average daily intake of 4,975 cc. of water, 
200 mEq. of sodium and no potassium or nitrogen. 
Half of this 800 mEq. of sodium was given as 2,500 cc. 
of sixth-molar sodium lactate on February 8 because 


of a laboratory error in the plasma sodium report and 
because of the decreasing plasma bicarbonate. During 
this period the volume of urine increased; the urinary 
sodium concentration averaged only 14 mEq./L.; 
the urinary nitrogen and potassium excretions were 
sizable (Fig. 1A), and the plasma concentrations of 
sodium, potassium, chloride, urea nitrogen and total 
proteins all decreased. The twenty-four-hour urea 
clearance was 4 cc./minute and the urinary specific 
gravity on February 8 was 1.022. Clinically, the de- 
hydration, tachypnea and fever diminished somewhat 
during this period, but the blood pressure varied from 
140/80 to 170/90 mm. Hg. There were short gen- 
eralized seizures on February 7, 8 and 9. An electro- 
cardiogram taken on February 7 was normal. 

From February 9 through February 11 the potas- 
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Fic. 1B. Case 1. Mies of hyperosmolarity of body fluids after serious craniocerebral trauma. Black columns indi- 
cate intake and white columns urinary output. Nitrogen output depicts urine urea nitrogen only. Blood urea nitrogen 
(BUN) is expressed in mg./100 cc., total protein (TP) in gm./100 cc., electrolytes in mEq./L., Urea clearance (Carea) 


is a twenty-four-hour clearance expressed in cc./minute. 


sium intake totaled 181 mEq. and the urinary output 
291 mEq.; the nitrogen intake was 0 and the urinary 
urea nitrogen output was 74 gm. Cheyne-Stokes respi- 
rations and cardiac trigeminy were noted on February 
11. On February 12 the plasma potassium concentra- 
tion was 2.2 mEq./L. and there was severe hypochlo- 
remic alkalosis and persistant azotemia. (Fig. 1A.) 
Because it was believed that continued azotemia might 
be delaying recovery, the patient was given four hours 
of extracorporeal hemodialysis with the Kolff Brigham 
artificial kidney [32] on February 12 with the resultant 
changes in the blood shown in Figure 1A. The phenol- 
sulfonphthalein excretion was 56 per cent in two hours 
on February 13. 

The subsequent course of the patient was one of 
gradual clinical improvement. There was an increase 
in the level of awareness and a decrease in the pulse 
rate to normal. The blood pressure remained at 
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approximately 160,110 mm. Hg. By February 18 the 
patient was able to follow objects with his eyes. 
By this date the blood urea nitrogen concentration was 
25 mg./100 cc., the twenty-four-hour urea clearance 
was 22 cc./minute and the urinary specific gravity 
was 1.010. On February 19 further generalized 
seizures occurred. 

On February 20 feeding by tube was instituted and 
the patient was given an average of 132 gm. of protein 
daily for five days. The blood urea nitrogen increased 
on February 25 to 34 mg./100 cc. Evidence of a 
water deficit was discernible in the increasing plasma 
sodium concentration (despite negative sodium bal- 
ance during this period) and the decreasing urinary 
volumes. Hypokalemia on February 23 was probably 
the result of antecedent diarrhea. 

The profuse diaphoresis was far in excess of the pa- 
tient’s low grade fever and, on occasion, eight to 
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Fic. 2. Case 1, Minimal electrocardiographic changes suggestive of slight hyperkalemia. Note the narrow, peaked 


waves. 


twelve changes of drenched bedclothes were necessary 
per day. Despite the large intake of fluid, the patient's 
urinary output decreased to 600 cc. on February 28 
and his skin turgor was poor. During the next five 
days the average daily fluid intake was 6,000 cc. and 
the average daily urinary volume was 1,025 cc. (Fig. 
1B.) It was estimated that he was losing more than 
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4 L. of fluid daily through his skin. Skin turgor did not 
become normal until March 5. 

During this period the patient became more alert 
and by March 1 he responded to simple commands 
and was able to move his extremities. By March 7 he 
attempted to speak and by the middle of March he was 
able to answer questions intelligibly. The blood urea 
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Fic. 3A. Case u. Development of hyperosmolarity of body fluids after serious craniocerebral trauma. Black columns indi- 
cate intake and white columns urinary output. Nitrogen output depicts urinary urea nitrogen only. Non-protein 
nitrogen (NPN) and creatinine (creat.) are expressed in mg./100 cc. Creatinine clearance (Cereat.) is a twenty-four hour 
endogenous creatinine clearance expressed in cc./minute. Total protein (TP), electrolytes, tachypnea, diaphoresis and 
fever are expressed as in Figure 1. Urine specific gravity is measured from the total twenty-four-hour specimens. Urinary 
chloride excretion tends to follow the same pattern as the urinary sodium excretion. 
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nitrogen was 14 mg./100 cc. on March 10. Oral feed- 
ings were started on March 17; the patient’s appetite 
was voracious. He became afebrile at this time. Both 
the diaphoresis and hypertension (150/108 mm. Hg) 
believed to originate in the central nervous system 
subsided spontaneously by late March. The urinary 
intake and output were good. On April 8 the urinary 
specific gravity was 1.025. 

The patient’s spastic and atrophic muscular 
residuals have responded to physical therapy and he 
now ambulates well. His ability to cerebrate is some- 
what abnormal. Extreme emotional lability and 
motor aphasia were present from April to July, 1952, 
but are no longer evident. 


Case u. A white boy, sixteen years of age, was 
transferred while unconscious from a civilian hospital 
to the Neurosurgical Service of Brooke Army Hospital 


on April 7, 1952, ten hours after he suffered a cerebral 
contusion in an auto collision. An immediate tra- 
cheotomy was performed for respiratory obstruction. 
On admission, the temperature was 105°F.; respiratory 
rate, 34; blood pressure, 140/100 mm. Hg; and pulse 
rate, 130. There were lacerations and a hematoma on 
the right side of the face, slow conjugate nystagmus to 
the right and right hemiparesis. Babinski’s sign was 
positive bilaterally but papilledema was not evident. 
Extreme dehydration was present. There were 6.5 
million red blood cells per cu. mm. and 20.5 gm. of 
hemoglobin per 100 cc. The urinary specific gravity 
was said to be 1.040 with sugar absent. An indwelling 
catheter was inserted. 

Pertinent data from the first thirty-nine days of 
hospitalization are illustrated in Figures 3A and B. 
During the first nine days of hospitalization the patient 
received an average daily intake of 60 gm. of protein, 
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Fic. 3B. Case 1. Development of hyperosmolarity of body fluids after serious craniocerebral trauma. Black columns indi- 
cate intake and white columns urinary output. Nitrogen output depicts urinary urea nitrogen only. Non-protein 
nitrogen (NPN) and creatinine (creat.) are expressed in mg./100 cc. Creatinine clearance (Cereat.) is a twenty-four hour 
endogenous creatinine clearance expressed in cc./minute. Total protein (TP), electrolytes, tachypnea, diaphoresis and 
fever are expressed as in Figure 1. Urine specific gravity is measured from the total twenty-four specimens. Urinary 
chloride excretion tends to follow the same pattern as the urinary sodium excretion. 
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Fic. 4. Electrocardiographic changes in Case 1. Plasma calcium normal in all cases. (a) Changes suggestive of slight 
hyperkalemia. Note the narrow, peaked T waves. (b) Forty-eight hours later—regression toward normal but still sug- 
gestive of minimal hyperkalemia. (c) Seventy-two hours later—changes suggestive of hypokalemia despite normal 
plasma potassium concentration. Note prolongation of Q-T interval, rounding of T waves and U waves in V2. 


41 mEq. of potassium, 31 mEq. of sodium and 2,550 
cc. of water. The average daily urinary volume was 
1,590 cc. On April 14 the specific gravity was 1.009. 
Chemical studies were not made of the blood or urine. 
Diaphoresis was not striking, but the temperature 
ranged from 101° to 104°r. and there was a deep 
hyperpnea ranging from 24 to 44 respirations per 
minute. Blood pressure and pulse rate remained 
elevated and the patient remained deeply comatose. 

Plasma electrolyte concentrations at 8:00 A.M. on 
April 16 were 150 mEq. of sodium, 7.4 mEq. of 
potassium, 13 mEg. of bicarbonate and 121 mEq. of 
chloride per L.; total proteins were 7.40 gm./100 cc. 
(Fig. 3A.) At 6:00 p.m. the patient appeared extremely 
dehydrated and blood pressure fell to 90/70 mm. Hg, 
but without signs of circulatory collapse. At this time 
non-protein nitrogen was 359 mg.; creatinine, 4.9 
mg.; and plasma inorganic phosphorus, 11.6 mg./ 
100 cc., with plasma electrolyte concentrations as 
shown in Figure 3A. An electrocardiogram revealed 
slight IT’ wave changes compatible with hyperkalemia. 
(Fig. 4A.) During April 16 and 17 the patient re- 
ceived a total of 13,120 cc. of water and 928 mEq. of 
sodium as sodium chloride; he excreted 8,200 cc. of 
water and 135 mEq. of sodium in the urine. By April 
18 the plasma sodium concentration reached a peak of 
171 mEq./L. although skin turgor was greatly im- 
proved. The urinary sodium concentration at this 
time was only 15 mEq./L. and the urinary specific 
gravity was 1.012. 

During the week of April 18 to 25 the patient re- 
ceived an average daily intake of 5,380 cc. of water 
and 60 mEq. of sodium. The plasma sodium con- 
centration gradually decreased to the normal range. 


(Fig. 3A.) During this period the non-protein nitro- 
gen, creatinine and plasma inorganic phosphorus all 
decreased to the normal range; endogenous creatinine 
clearance increased greatly; and the twenty-four hour 
urea clearance increased from 13 to 58 cc./minute. 
His pulse and respiratory rate decreased toward 
normal although the level of consciousness was 
unchanged. Of note is the strikingly negative potas- 
sium balance during this week. Electrocardiographic 
evidence suggestive of potassium deficiency occurred 
on April 21 (Fig. 4C) and hypokalemia was observed 
on April 22 and April 24. (Fig. 3A.) On April 26 two 
generalized seizures occurred. From May 2 to May 8 
the urinary volume decreased, presumably as a result 
of increased sweating. (Fig. 3B.) 

The patient’s responsiveness began to increase late 
in April and improved in May. During June he had a 
rapid improvement in his sensorium and began to 
speak monosyllabically. His appetite was voracious 
and his vital signs became normal. Blood chemistry 
studies and urinary examinations were normal. He 
regained some use of the right extremities and was 
able to get about in a wheelchair. He was discharged 
to a veterans’ hospital in August, 1952, at which time 
his ability to cerebrate was subnormal but improving. 


COMMENTS 


There are striking similarities between the two 
patients presented herein. Each patient suffered 
severe craniocerebral trauma and presumably 
frontal lobe injury, for each recovered with resid- 
ual impairment of frontal lobe function. After 
ten to fifteen days characterized by very small 
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sodium intake, by probably inadequate potas- 
sium intake, excessive nitrogen intake and an 
inadequate water intake in the face of excessive 
water loss through skin and lungs, each patient 
had a striking hypernatremia, hyperchloremia, 
hyperkalemia, hyponatruria, azotemia and aci- 
dosis. Each patient manifested a rapid decrease 
in plasma potassium concentration to hypo- 
kalemic levels during the ensuing week, while 
the urinary potassium excretion exceeded the 
potassium intake. 

“*Neurogenic Hypernatremia.”’ ‘The hypothesis 
that specific cerebral lesions may be responsible 
for neurogenic hypernatremia is supported by 
the work of Lewy and Gassman [20] who ob- 
served significant hyperchloremia in cats after 
stimulating unilaterally the paroptic nucleus of 
the hypothalamus. Stevenson et al. [27] have 
produced bilateral lesions in the ventromedian 
nuclei of the hypothalamus in rats and observed 
chronic hypodipsia and hypernatremia when 
the water intake was dependent upon oral 
consumption. 

Clinically, the etiologic importance of cerebral 
damage in producing hypernatremia and azo- 
temia is difficult to evaluate, for complete data 
on water and electrolyte balance in the reported 
cases are frequently lacking. McLardy [22] 
reported four deaths from uremia in the third 
week after a bilateral prefrontal leukotomy; 
all four patients had bilateral damage to the 
posterior orbital cortex at necropsy. Sweet et 
al. [4] have mentioned the likelihood that a lesion 
in the neighborhood of the third ventricle or 
posterior frontal lobe may cause hyperchloremia 
and azotemia. Further, in the great majority 
of the reported cases of neurogenic hyper- 
natremia {/-—79] the patients had _ involve- 
ment chiefly of the frontal lobe and/or hypo- 
thalamus. On the other hand, Welt et al. [70] 
point out that the development of severe water 
deficit and hypernatremia in the stuporous or 
comatose patient who has a neurologic disorder 
may be caused by his impaired ability to experi- 
ence and express the sensation of thirst. Eng- 
strom |74] believes that most of the reported 
cases are due to an impaired thirst mechanism, 
diabetes insipidus or both. 


Water Deficit and Hypernatremia. In an excel- 


lent review article, Welt and his associates [70]. 


outline the physiologic consequences of water 
deficit. They document evidence for an ex- 
tremely well integrated series of responses by the 
organism which are oriented toward holding the 


OCTOBER, 1957 


sacrifice of fluid volume to an absolute mini- 
mum. The earliest and probably most important 
response to water deficit is an increase in the 
concentration of sodium in the extracellular 
fluid. There is an immediate transfer of water 
from the cells, permitting the intracellular com- 
partment to contribute to the water deficit, and 
there is evidence that the resultant cellular 
dehydration decreases the rate of sweating and 
insensible perspiration as well as giving rise to 
the sensation of thirst. In addition, the hyper- 
osmolarity of the extracellular fluid stimulates, 
presumably via a hypothalamic osmoreceptor, 
the secretion of antidiuretic hormone from the 
posterior pituitary, increasing the renal tubular 
reabsorption of water. 

The decrease in volume of all the body fluids 
entails contraction of the plasma volume. This 
promotes increased renal tubular reabsorption 
of salt (presumably via a decrease in the volume 
of fluid in some key structure within the cranial 
cavity) and antidiuresis (also presumably via the 
posterior pituitary). A third consequence of 
body water deficit is an increase in the oncotic 
pressure of the plasma. Stimulation of a postu- 
lated ‘‘oncoreceptor’’ increases renal tubular 
reabsorption of both salt and water. A fourth 
consequence of body water deficit has recently 
been elucidated: increased adrenocortical secre- 
tion of 18-aldocorticosterone, which promotes 
sodium retention, potassium excretion and 
alkalosis [36]. 

Many of the features of these two cases can be 
adequately explained as predictable responses to 
a severe water deficit. Before recognition of the 
severe hyperosmolarity, both patients had a neg- 
ative water balance. Both were febrile and tac- 
hypneic (presumably caused by involvement of 
the medullary respiratory center), and the patient 
in Case 1 had a profuse diaphoresis out of propor- 
tion to his fever (presumably caused by involve- 
ment of the hypothalamic center for temperature 
control). Although data were not available on 
urinary sodium excretion during this period, 
it is likely that this was quite small in each 
case, in view of the small sodium intake (aver- 
age, 26 mEq./day) and continued loss of water 
through skin and lungs. The water deficit was 
perhaps enhanced in each case by a moderate 
protein intake, given at a time when each 
patient was probably experiencing the reaction 
to injury characterized by the inability to store 
nitrogen [23]. (The urea thus derived plus that 
from a probable negative nitrogen balance 


2 
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would increase the solute load demanding renal 
excretion. ) | 

The progressively greater water deficit pro- 
duced oliguria and peripheral vascular collapse 
in the patient in Case 1 as his plasma volume 
decreased almost to a lethal level. It was at this 
point that the serum sodium concentration was 
found to be 192 mEq./L., and the urinary 
sodium concentration 21 mEq./L. In Case u the 
patient did not suffer as severe a water deficit 
and was found to have a serum sodium concen- 
tration of 150 mEq./L. (later increased to 171 
mEq./L. by the excessive administration of salt) 
and a urinary sodium concentration of 12 
mEq./L. | 

Thus both patients may be examples princi- 
pally of water depletion. Elkinton and Taffel [24] 
deprived dogs of water and food until death and 
noted extremely low urinary sodium and 
chloride concentrations with serum sodium 
concentrations, terminally, as high as 186 mEq. 
and chloride 133 mEq./L. Borst [25] implicated 
an insufficient filling of the arterial system (as a 
result of decreased effective plasma volume) 
as the common denominator in various clinical 
instances of hyperchloremia and hypochloruria. 

This avidly increased tubular reabsorption of 
salt as a response to contracted plasma volume 
has been described by Peters as the dehydration 
reaction [26]. The mechanism of this reaction is 
not clear but the experiments of Brun et al. [27], 
Harrison and his co-workers [28] and Strauss and 
his associates [29] suggest the existence of an 
intracranial structure concerned with the renal 
regulation of salt excretion. Harrison’s group 
|28|, by compressing the neck to occlude venous 
but not arterial flow, was able partially or com- 
pletely to reverse the decreased rate of salt 
excretion produced (1) by sitting from the supine 
position and (2) by controlled bleeding. These 
data suggest the existence of an intracranial 
‘“‘volume receptor’? within which a decrease of 
fluid volume acts as the stimulus for the increased 
tubular reabsorption of salt. An increased secre- 
tion of 18 aldocorticosterone or aldosterone 
might partially explain the intermediate mecha- 
nism here. Several studies have shown that the 
secretion of this salt-regulating hormone is 
dependent upon the extracellular fluid volume 
| 37| and, more specifically, the intravascular vol- 
ume [36]. (It is independent of total body sodium 
or of sodium concentration.) Welt [30] demon- 
strated that an intact adrenal cortex is a 
requisite to most of the increased tubular re- 
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absorption of salt promoted by the passive erect 
posture. 

In this regard, Leaf and his co-workers 
35,37| have reported that prolonged administra- 
tion of antidiuretic hormone (ADH) plus un- 
restricted fluid intake results in a decreased 
aldosterone excretion and an increased excretion 
of sodium chloride which they regard as the 
organism’s normal volume-regulatory response 
to expansion; the response fails to appear when 
the volume expansion is prevented by fluid 
restriction. This increased sodium chloride excre- 
tion after ADH is diametrically opposed to the 
dehydration reaction of increased aldosterone 
excretion and decreased sodium chloride excre- 
tion; the two conditions could well represent 
the two extremes of the same _ regulation 
mechanism. 

In short, the evidence suggests that the sodium 
chloride retention in the reported cases of neuro- 
genic hypernatremia does not constitute a 
primary pathologic process but represents a 
normal response by the volume-regulating 
mechanisms of the organism. It would seem to 
make little difference to the organism whether 
the initial fluid deficit is caused by (1) impaired 
osmoregulation in the supraopticohyphophyseal 
system, and/or (2) excessive urea diuresis from 
increased catabolism of stress or from high- 
protein feeding mixtures [70,38], and/or (3) 
marked extrarenal water loss, as in the present 
cases. That cerebral lesions might lower the 
threshold of the proposed intracranial volume 
receptor (stimulating aldosterone secretion and 
increased tubular salt absorption) is, of course, a 
possibility. 

It is evident that the unconscious neuro- 
surgical patient is a candidate par excellence for 
the development of a water deficit with little or 
no salt deficit. Fever, diaphoresis and tachypnea 
are common occurrences, either from the central 
injury or secondary to complicating infection, 
and he is unable to experience and express the 
sensation of thirst. The magnitude of water 
loss through sweating is illustrated in Figure 1B. 
From February 29 through March 2 this pa- 
tient’s intake averaged 6,000 cc. daily and his 
urinary volume averaged only 800 cc. daily, yet 
at this time the room temperature was cool, the 
patient’s fever was of a low grade and the 
tachypnea was no longer severe. Drenching 
diaphoresis was estimated to account for ap- 
proximately 5 L. of water lost daily via the skin. 
Hyperventilation and fever have been reported 
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to initiate (in children) the train of events lead- 
ing to hypernatremia [73]. 

Potassium Metabolism. ‘The potassium data 
are of interest in these cases. At the time when 
the hyperosmolarity was discovered each patient 
had a hyperkalemia (8.7 and 7.4 mEq./L. 
respectively) and a hyperkaluria relative to the 
potassium intake (possibly mediated via aldos- 
terone). The release of potassium in excess 
of nitrogen from the intact cell occurs dur- 
ing dehydration [37] and by decreasing cel- 
lular osmolar concentration may contribute 
more intracellular water to defend the extra- 
cellular fluid volume. It is noteworthy that 
narrow, peaked TIT waves were seen in the 
electrocardiogram (Figs. 2 and 4A), although 
hemoconcentration and increased cellular liber- 
ation of potassium were probably chiefly 
responsible for the hyperkalemia in each case. 

Upon rehydration, hypokalemia developed in 
each patient within a week; however, in Case | 
the patient did not receive any potassium during 
the first four days of rehydration. (Fig. 1A.) In 
Case u the hyperosmolarity of the body fluids 
was further increased by excessive sodium 
administration (Fig. 3A) which may have 
enhanced the loss of cellular potassium [37]. 
(During this week the average daily potassium 
urinary output of 118 mEq. far exceeded the 
average daily intake of 58 mEq.) 

Renal Factors. ‘The presence of azotemia and 
acidosis without evidence of intrinsic renal 
disease is a priori evidence of renal insufficiency as 
a result of inadequate renal circulation. The 
degree of dehydration in these two patients was 
striking, and the normal urinalyses and normal 
renal function upon recovery would exclude 
underlying renal disease. 

It is worthy of comment, however, that the 
patient in Case u (Fig. 3A) entered the hospital 
on April 7, ten hours after injury, with evidence 
of severe dehydration. With inadequate rehydra- 
tion he gradually began to excrete a copious, 
dilute urine at a time when azotemia, acidosis 
and hypernatremia were developing (discovered 
April 16). Since acute renal failure has been 
observed in the absence of oliguria [33,34], it 
seems plausible to assume that this relatively 
copious and inefficient urine excretion was due 
to renal tubular damage secondary to the de- 
hydration and renal ischemia. Indeed, Luetscher 
and Blackman [2], Goodale and Kinney [43], 
Swan and Merrill [33] and Doolan et al. [39} 
have all reported cases in which hyperchloremia 
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and hypernatremia with low urinary concentra- 
tions of these ions were observed during the 
diuretic phase following acute renal failure, 
when tubular function was certainly still 
abnormal. Luetscher and Blackman |2| demon- 
strated the primary renal defect to be an inade- 
quate tubular reabsorption of water in the face of 
continued electrolyte retention. 

(One cannot with certainty ascribe the dilute, 
excessive urine flow in this case to renal tubular 
damage. It is possible to invoke a “‘urea diuresis.”’ 
Perhaps the cerebral trauma produced a tem- 
porary diabetes insipidus or in some way 
impaired neurogenic renal control. However, 
the concept of renal tubular damage appears to 
be more valid.) 

Whether or not renal water loss is excessive for 
any given patient’s intake is impossible to 
evaluate without knowing the approximate 
respiratory and skin water losses. A rather low 
urinary specific gravity and/or ‘“‘normal’’ uri- 
nary flow recorded for some of the reported cases 
of neurogenic hypernatremia may not be proof 
of a “‘good state of hydration” if a patient is 
febrile, sweating or hyperpneic, or if dehydration 
had developed before the initial studies. Under 
these circumstances a normal urine volume 
might indicate a diabetes insipidus-like state or 
renal tubular damage. 

Clinical Implications. It is evident that severe 
dehydration and its sequelae might account, in 
two cases presented, for the hypernatremia, 
hyponatruria, hyperkaluria, azotemia and aci- 
dosis. Although most authors emphasize the 
absence of clinical dehydration, unrecognized 
water deficit might also be invoked to explain 
similar findings in the reported cases; since 
water loss is mainly intracellular, physical signs 
of dehydration may not be apparent unless there 
is concomitant (late) extracellular shrinkage. 

From the point of view of management, it Is es- 
sential that the patient who has severe cranio- 
cerebral trauma be watched closely for excessive 
extrarenal water loss through skin or lungs, and 
for renal water loss that may be excessive under 
the circumstances. An average daily fluid intake 
of 2 or 3 L. may easily be inadequate. It is 
suggested that, during the immediate post- 
trauma period, the serum electrclytes and non- 
protein nitrogen be checked at least twice weekly 
if possible; an increasing sodium or non-protein 
nitrogen concentration may be early evidence of 
a water deficit and may be corroborated by an 
increase in the plasma protein concentration and 
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hematocrit level. Should a water deficit be de- 
tected, protein intake should be minimized so as 
to diminish the solute load presented to the kid- 
neys for excretion. Sodium and potassium intake 
should be gauged from the plasma level and the 
urinary excretion of these ions. (Testing only for 
urinary sodium or chloride concentration may 
be dangerously misleading in the patient who 
has hyperchloremia and hypochloruria.) In 
cases in which diabetes insipidus or an impaired 
thirst mechanism is suspected the administra- 
tion of pitressin® is indicated [74]. 


SUMMARY 


Two cases have been presented in detail in 
which hypernatremia, hyperkalemia, azotemia 
and acidosis developed in comatose patients 
after severe craniocerebral trauma. Both patients 
excreted small urinary concentrations of sodium 
but rather large quantities of potassium. Clinical 
and chemical improvement occurred after re- 
hydration but hypokalemia developed in each 
case. Both patients had functional impairment 
of the frontal lobe after prolonged convalescence. 

The hyperosmolarity, azotemia and hypo- 


natruria in each case could be explained asa nor- 


mal physiologic response to severe water deficit 
(induced via fever, sweating and _ hyper- 
ventilation) with possible secondary renal tubu- 
lar damage. Evidence is reviewed that salt 
retention represents a normal response by 
volume-regulating mechanisms to a fluid deficit 
caused either by (1) impaired osmoregulation in 
the hypothalamus or hypophysis and/or (2) 
marked renal or extrarenal water loss. It is sug- 
gested that the unconscious patient who has a 
brain injury is prone to the development of 
unrecognized water deficit which might in 
some cases be detected only by frequent chemi- 
cal analyses of the blood. 
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NE of the most remarkable properties of the 
() normal kidney is its capacity to control the 
volume and composition of extracellular fluid. 
This is accomplished by precise regulation of the 
amounts of sodium chloride and water excreted 
in the urine. Although the mechanisms involved 
in this regulatory function are complicated and 
are most certainly dependent upon extrarenal 
factors, control must finally reside in the nephron 
itself. It should be anticipated, therefore, that in 
certain forms of intrinsic renal disease, inordinate 
urinary losses of salt and water may occur. 
Among the entities in which this abnormality 
has been noted are salt-losing nephritis and the 
diuretic phase of acute tubular necrosis. In addi- 
tion, limitation in the capacity of the kidneys 
to conserve salt and water may be observed in 
most patients with far advanced Bright’s dis- 
ease. In the present discussion, observations are 
presented on an abnormality in renal salt and 
water conservation occurring after the relief of 
acute urinary retention. The data suggest that 
this state, like those listed, is a manifestation of 
intrinsic renal disease which in this instance 
is an acquired and self-limited nephropathy. 
Investigations of the defects in electrolyte and 
water excretion in renal salt-wasting syndromes 
have been limited by the fact that renal function 
is often so deteriorated that the usual quantita- 
tive relationships between clearance values and 
discrete renal functions may no longer obtain. 
In the cases to be described the values for 
inulin clearance were only moderately depressed 
and could reasonably be equated with glomeru- 
lar filtration rates. An attempt has therefore been 
made to determine the nature and site of the de- 
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fect in solute and water excretion, utilizing cur- 
rent physiologic interpretations. The possibility 
that a similar defect may exist in other renal 
salt-wasting syndromes is suggested by the fact 
that they demonstrate certain of the same func- 
tional patterns noted in the present patients. 


METHODS 


Data were obtained in four patients in whom acute 
renal failure developed secondary to mechanical ob- 
struction of the urinary tract. Clearance studies were 
conducted in each patient during the polyuric phase 
which followed relief of the obstruction. In Cases 1 and 
11 studies were repeated after subsidence of polyuria. 

CASE REPORTS 

Case 1. (Tables 1 and un.) A sixty year old white 
woman was admitted to the hospital because of 
anuria of four days’ duration. Six years prior to ad- 
mission a left ureteral calculus was removed by 
instrumentation. Because of the subsequent devel- 
opment of a staghorn calculus, a left nephrectomy 
had been performed twenty months prior to admis- 
sion. The histologic appearance of the resected 
kidney was consistent with chronic pyelonephritis. 
Sixteen months prior to admission ureteral colic 
led to the discovery of a non-opaque right ureteral 
calculus which allegedly was passed spontaneously. 
Three weeks prior to admission anorexia and nausea 
became prominent and were followed within a week 
by vomiting. For the four-day period preceding admis- 
sion the patient was hospitalized in a local hospital 
where her urinary output did not exceed 30 ml./ 
twenty-four hours. 

On admission, the patient was clinically uremic 
and showed evidence of mild congestive heart failure. 
Catheterization of the right ureter disclosed an ob- 
struction at the ureteropelvic junction which was 
bypassed, and approximately 100 ml. of urine were 
obtained from the renal pelvis. During the first twelve 
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TABLE | 
CASE I, INITIAL STUDY: Cip, CPpAH, Curea) IN U/P, AND URINE FLOW 
| 
Cis Cran F.F. | Cures | Curea/Cin | In U/P V/wCin 
| | | | 
| | | 
ia Priming Injection of Inulin and PAH and Initiation of Sustaining Solution (at — Forty Minutes) 
1 0-15 28.4 59.7 47 .6 24.7 87 3.4 8.3 wee 
2 15-30 29.9 72.3 41.4 24.6 82.3 2.9 7.9 
3 30-46 30.7 69.9 43.9 88 .9 3.4 8.4 29.4 
100 mp. Pitressin by Single Injection and 7 myu./min. Infused in Sustaining Solution (at Fifty-one and One-half Minutes) 
4 70-85 30.2 70.7 42.7 24.6 
5 85-100 31.8 71.1 44.7 | 4.4 6.7 22.6 
6 100-115 26.2 67.5 38.8 4.2 5.8 23.8 


Nore: One liter of water was administered approximately ninety minutes before the priming injection. The sus- 
taining solution contained Na, 141 mEq./L; Cl, 125 mEq./L; and HCOs;, 16 mEq./L. and was delivered 
at a rate of 8 ml./minute. 


Cie = inulin clearance. 
Cran = PAH clearance. 
F.F. = filtration fraction. 
= urea clearance. 
In U/P = urine/plasma ratio for inulin. In calculating the inulin U/P ratio, P was corrected for plasma 
water content. 
V = urine flow. 
Ww = correction for plasma water. 
V/wC\, = percentage of filtered water excreted. 
TABLE 
CASE I, INITIAL STUDY: SOLUTE AND WATER EXCRETION 
| | 
~ 
ai | | | | oF | | ss | 26 ED 
] 28.4 764 |; 20.7 685 21.6 120 109 .4 7.4 | 27.8 0.95 283 
2 29.9 735 | 19.3 666 19.6 119 138 | @.@ | #5 oe. | ee 0.72 214 2.4 
790 | 20.2 777 22.5 109 25.7 1.04 310 3.4 
4 22.3 135 74 25.6 | 5.5 | 76.4 | —0.33 
5 1.8 | 730 | 18.0 | 632 | 17.7 131 | 130.4 | 6.9 | 23.3 | 5.1 | 74 | —0.18 
6 26.2 | 667 | 19.9 | 553 | 18.8 | 107 | 142 6.2 | 25.4 | 4.5 | 72.6 | —0.36 


| | | | | 


Nore: Filtered loads (FL) of electrolytes are corrected for appropriate Donnan factors. 


Uslect V/FL = percentage of filtered load excreted (alternatively expressed as Celect/Cin). 
COsm = osmolar clearance. 

Elect COsm = electrolyte osmolar clearance (see text for calculation). 

Elect Cosm/COsm = fraction of osmolar clearance due to electrolytes. 

CHs0 = free water clearance. 

osm = distal solute reabsorption (see text). 

F LOsm = filtered load of osmols. 


totalled 9.5 L. and the sodium excretion was 800 mEq. 
During the succeeding ten days both urinary output 


hours after placement of an inlying ureteral catheter 
the urine volume exceeded 7.5 L. and the sodium 


excretion equaled 700 mEq. During the subsequent 
twenty-four hours, 13 L. of urine containing 1,140 
mEq. of sodium were excreted. On the following day 
(day of initial clearance studies), the urine volume 
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and sodium excretion rates decreased slowly toward 
normal levels. Follow-up studies were performed on 
the eleventh hospital day. On the sixteenth hospital 
day a large uric acid stone was surgically removed 


@ 
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TABLE I 
CASE Il, INITIAL STUDY: Cin, CPAH, Curea, IN U/P, AND URINE FLOW 
Time | | 
Per | Elapsed ‘im _ Cran Cures Curea/Cin In U/P | | V/wCie 
ri _(ml./min.) | (ml./min.) (%) (ml. /min.) | (%) | (mi. /min.) | (%) 
| | | | | 
Priming Injection of Inulin and PAH and Initiation of Sustaining Solution (at — Forty-seven Minutes) 
1 0-15 19.6 94.5 20.7 15.9 81 es 5.1 28 2 
2 15-31 3.2 94.6 20.3 4.3 4.2 23.4 
3 31-47 9.5 89.4 76 4.4 4.1 22.5 
| | | | | | 
700 mp. Pitressin by Single Injection and 7 mp./minute Infused in Sustaining Solution (at Fifty-three Minutes) 
4 | 68-83 16.9 82.7 20.4 16.2 6 5.4 2.9 18.6 
5 83-98 19.6 89.2 21.9 19.0 97 4.7 3.9 21.4 
6 98-123 18.0 94.2 19.1 18.8 104 4.4 3.8 22.8 
Norte: 800 ml. of water were administered approximately ninety minutes before the priming injection and supple- 
mentary water was given during the control periods. Sustaining solution (see Table 1 for composition) was 
delivered at 5.0 ml./minute. 
See Table 1 for definition of symbols. 
TABLE Iv 
CASE Hl, INITIAL STUDY: SOLUTE AND WATER EXCRETION 
| | ! | 
| | | 
| se | egal] oad] | wa | wet | | Set] | 8B | | Sa] S 
| 
1 | 19.6 | 185 oS ¥ 26s at 94.8 | 3.2 | 17.6 | 5.9 | 31.6 | 1.81 | 56.6 | 1.93 | 538 | 12.8 
2 1:99.21 4m 5.4 | 163 7.9 | 64.8 | 81.5 | 2.6 14.5 | 5.3 | 38 1.29 | 49.6 | 1.58 | 442 | 10.4 
4 16.9 103 4.8 128 7.14 88 83 1 
5 | 19.6 | 150 6.2 185 06.01 2.7 | 348 
6 | 18.0 | 158 6.9 188 102 2.7 26.2: 
| | 
NOTE: 
UgV/UosmV = mM/min. glucose excretion/mM/min. total osmol excretion; 
UureaV/UOsmV = mM/min. urea excretion/mM/min. total osmol excretion. 


See Table u for remainder of definitions. 


from the ureteropelvic junction and several smaller 
stones of similar composition were taken from the 
inferior calyces. 

The blood urea nitrogen level was 232 mg. per cent 
on admission, 70 mg. per cent at the time of initial 
clearance measurements, and 24 mg. per cent at the 
time of follow-up clearance measurements. At the 
time of the patient’s discharge (six weeks after admis- 
sion) the blood urea nitrogen was 20 mg. per cent. 


Case u. (Tables m1 and iv.) A seventy-six year 
old white man was admitted to the hospital with 
a history of frequency and nocturia of several years’ 
duration. Three weeks prior to admission these 
symptoms increased and dysuria appeared. Six 
days prior to admission overflow incontinence was 


noted. The pertinent past history included mild 
diabetes for five years, well controlled on diet 
alone, and arteriosclerotic heart disease with mild 
congestive heart failure, treated effectively with digi- 
talis and intermittent mercurial diuretics. 

On admission the patient was somnolent and 
clinically dehydrated. His bladder was palpably 
distended and his prostate was markedly enlarged. 
Catheterization of the bladder was followed by the 
development of marked polyuria. The urine volume 
totalled 3.1 L. during the first eight hours and 7.4 L. 
during the next twenty-four hours. Sodium excretion 
during the latter period was 274 mEq. During the 
subsequent twenty-four hours the urine volume 
reached its maximum value of 9.4 L. and contained 
350 mEq. of sodium. Thereafter urine volumes and 
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TABLE v 
CASE Il, Cin, CPAH, c,'*'. IN u/P, URINE FLOW AND ELECTROLYTE EXCRETION 
| BSE! sé | | | | | ai ze ES 
Priming Injection of Inulin PAH and I'*' and Initiation of Sustaining Solution (at — Thirty-two Minutes) 
| 
i | 0-15 | 65.7 | 283 | 23.2 | 40.2 | 60.7 | 6.9 7.6 12.5 | 1015 12 970 12 | 94.6 41 
2 | 15-30 | 67.8 | W4 | 22.3 | 41.1 | 60 | oF 5 9.8 14.3 | 1088 12 1004 | 13 | 98.6 41 
3 | 30-45 | 64.3 | 294 | 21.9 | 39.3 | 60.7 | 5.3 | 9.9 | 15 | 1170 14 1110 | 14 | 99.9 | 44 
Injection of 10 mg. of DOCA (at Thirty-three Minutes) 
| | | | 
4 (135-150, 48.8 | 328 | 14.9 | 268 | 54.8 12.8 2.2 4.8 367 | 1 mes 4 74 45 
5 |150-165, 62.3 | 465 13.4 | 35.3 | 56.4 14.2 2.8 4.5 43 |- 6 | 47 | 6 93.8 44 
6 ‘tans 67.0 | 496 13.5 | 38.4 57.0 12.8 3.6 5.4 595 eo ae 8 110 49 
Nors: One liter of water was administered approximately an hour before priming injection and supplementary water was given during the course 


of the experiment. Sustaining solution was delivered in a physiologic saline vehicle at 1.5 ml./minute. 
= clearance. See preceding tables for additional definitions. 


TABLE VI 
CASE IV, Cin, CPAH, Cyrea, IN U/P, AND URINE FLOW 
| | | 
‘Time | 
Cis | Cran F.F. Cin V V/wCin 
Per | | (mal./min.) | (ml./min.)| (%) (ml/min. (%) | (mal. /min.)|  (%) 
| | | | 
Priming Injection of Inulin and PAH and Initiation of Sustaining Solution (at — Forty-four Minutes) . 
| 
0-23 | 46.1 184 | | 11.3 3.8 8.7 
2 23-43 | 37.5 | 157 23.9 aes | @ 8.2 4.25 12.2 
3° 43-58 | 42.9 | 158 27.0 29.2 | 68.5 7.7 5.2 13.1 
| 
100 mu. Pitressin by Single Injection and 1 mu./minute Infused in Sustaining Solution (at Fifty-eight Minutes) 
| | 
4 58-77 | 44.5 | 169 26.3 ae 1 oe 6.9 | 6.0 14.4 
6 | 93-112 | 49.1 Be. | 78.5 15.3 
7 |112-129.5| 47.4 | 277 | 17.3 | 39.5 83.3 5.9 | 7.5 17.0 
| 
| 


Norte: See Table 1 for details of water administration. Sustaining solutions were delivered in a normal saline 
vehicle at 5 ml./minute. See preceding tables for definition of symbols. 
* Patient experienced chilly sensations without fever for about fifteen minutes. 


sodium excretion fell slowly toward normal limits. 
Two months after catheterization the patient was 
readmitted for prostatectomy and his urinary output 
varied (in accordance with his intake) between 900 
and 2,000 ml./day. Initial clearance studies were 
conducted during the day of maximal diuresis. 
Follow-up studies were made during the second 
admission. 

The blood urea nitrogen was 177 mg. per cent on 
admission, 50 mg. per cent on the day of initial clear- 
ance measurements and 27 mg. per cent at the time of 
follow-up studies. 
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CaseEm. (Table v.) A seventy-six year old white 
man was admitted to the hospital for gangrene of the 
right lower extremity. His initial non-protein nitro- 
gen level and urinalysis were normal. Two weeks after 
admission his right leg was amputated below the knee 
and three weeks thereafter a second amputation was 
performed above the right knee. Six days following the 
second procedure the patient was noted to have com- 
plete urinary suppression, the duration of which was 
estimated retrospectively to be forty-eight hours. 
Subsequent to the establishment of effective catheter 
drainage of the bladder an extreme and sustained 
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TABLE VII 
CASE IV, SOLUTE AND WATER EXCRETION 
| | 
| | | | 
241 4.1 78.4 4.3 9.9 64 2.2 1.1 
8.4 417 10.4 151 99.4 5.1 14.6 52 3.2 63 —.85 2.3 
7 ee 541 | 9.6 545 | 12.0 151 95.4 6.1 15.4 40 4.1 67 —.9 2.2 
4 | 44.5 636 | 11.0 653 | 13.7 163 96.9 6.9 16.7 42 4.8 70 —.9 2.2 
5 43.0°) 654 | 21.5 692 | 14.6 171 100.8 7.2 17.7 39 5.1 71 —1.2 3.0 
6 49.1 763 | 11.8 | 776 | 14.5 179 106.6 8.1 7.8 40 5.8 722 | tit 2.4 
2 677 15.8 199 129 8.5 19.3 71 —1.0 2.3 


Note: I©820 (COsm — V) is the expression for the ml./minute of solute-free water abstracted in the elaboration of a hypertonic urine. See pre- 


ceding tables for definitions of other symbols. 


polyuric state developed. For a period of three and 
one-half months the urinary output varied from 
8.6 to 15 L./twenty-four hours, and the twenty-four 
hour excretion of sodium ranged from 900 to 1,900 
mEq. Neither fluid restriction, pitressin,® nor DOCA® 
(5 mg. three times a day) materially influenced the 
volume or composition of the urine. Subsidence of 
polyuria ultimately occurred spontaneously and 
upon discharge urine volumes were less than 3 L./ 
twenty-four hours. Clearance studies were made eight 
weeks after onset of the diuretic state. 

The non-protein nitrogen on admission was 21 mg. 
per cent. The day after the onset of polyuria it was 
76 mg. per cent, and three weeks later a similar value 
was recorded. Thereafter values for both non-protein 
nitrogen and creatinine decreased to normal limits. 


Case tv. (Tables vi and vu.) A fifty-five year old 
white man was admitted to the hospital with a pro- 
longed history of nocturnal incontinence and difficulty 
in starting the urinary stream. During the two-month 
period preceding admission he noted persistent 
anorexia, weight loss, thirst and lassitude. Several 
weeks prior to admission frank dysuria, urgency and 
frequency developed. On admission the bladder was 
distended and the prostate markedly enlarged. He was 
noted to have moderate pitting peripheral edema. 
Catheterization of the bladder was followed by rapid 
accumulation of 1,250 ml. of urine. Although the 
ensuing diuretic state was less marked than in the 
other subjects (maximum recorded output, 4.5 
L./twenty-four hours), the patient was not able 
to decrease his output in response to fluid restriction 
during the first two weeks after catheterization. 
On the thirty-fifth hospital day he underwent pros- 
tatectomy and at the time of discharge his urinary 
output was determined by his intake. Clearance 
studies were conducted fourteen days after the onset 
of the diuretic state. 

The blood urea nitrogen was 58 mg. per cent on 
admission, 80 mg. per cent at the time of clearance 


studies and 16 mg. per cent upon discharge (fortieth 
hospital day). 


PROCEDURE 


Renal clearances were performed according 
to standard methods, the general details of which 
have been previously reported | 7}. 

After administration of the priming injection 
of inulin and PAH and initiation of the sustain- 
ing infusion, an equilibration period of from 
thirty to forty-five minutes was allowed before 
beginning the first clearance period. In Case 1, 
urine from the solitary kidney was collected 
through an inlying ureteral catheter. Simul- 
taneous bladder catheterization was employed 
to assure complete collections; however, no 
appreciable amounts of urine appeared in the 
bladder. In Cases u and Iv urine was collected 
through inlying bladder catheters and collection 
periods were concluded with air injections and 
suprapubic compression. Washouts with water 
were omitted in the interests of increasing the 
accuracy of the osmolality determinations. In 
Case ul, freezing point depressions were not 
determined and urine collections were concluded 
with two 10 ml. washouts of distilled water and 
two or more air injections. 

Heparinized venous blood samples were col- 
lected through an inlying needle at the midpoint 
of each period. These were centrifuged immedi- 
ately and the plasma removed without delay. 

Inulin was determined according to the 
method of Roe, Epstein and Goldstein [2]; PAH 
according to the method of Smith et al. [3]; 
urea according to the method of Archibald [4]; 
chloride according to the method of Van Slyke 
and Hiller [5]; sodium and potassium were 
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determined by internally compensated Baird 
and Barclay flame photometers; osmolality was 
determined by a Fiske osmometer, and glucose 
was determined according to the glucose oxidase 
method of Froesch and Renold [6]. Correction 
factors used in calculations were as follows: 
plasma water content (w) = 0.93;* Donnan 
factor for sodium, 0.95; chloride, 1.07; potas- 
sium, 0.90. 


RESULTS 
Imtial Studies 


Renal Hemodynamics. Values for glomerular 
filtration rate ranged from 20 to 66 ml./minute. 
Effective renal plasma flow was measured in 
three patients. In two patients (Cases m and Iv) 
the depression of clearance values was propor- 


tional to that of glomerular filtration rate. In. 


Case 1, however, the value for effective renal 
plasma flow was disproportionately low (filtra- 
tion fraction = 44 per cent) suggesting impaired 
tubular function with a decrease in PAH 
extraction. 

Urine Flow. ‘The values for twenty-four-hour 
urine volumes are recorded in the case reports. 
During the clearance studies, maximal urine 
flows, when expressed as percentages of the 
filtered water, ranged from 15 to 31 per cent. 
That these high values could not be attributed 
either to water diuresis or to ‘“‘water-losing 
nephritis’ + is apparent in the three patients in 
whom osmolality measurements were performed. 
Thus, whereas in pure water diuresis (i.e., water 
diuresis without simultaneous osmotic diuresis) 
the urine consists predominantly of free water, 
in Cases 1 and u the free water clearance (Cy,o0) 
constituted only 11 and 37 per cent of the respec- 
tive urine flows, and in Case 1v Cy,o9 was nega- 
tive throughout. The major portion of the urine 
volume in each patient therefore was osmotically 
obligated as evidenced by the fact that the 
osmolar clearances ranged from 63 per cent to 
over 100 per cent of the values for urine flow. 

Urea/Inulin and I'*'/Inulin Clearance Ratios. 
Urea clearances were measured in three patients 


* The value for plasma water content was determined 
in Case m1 and assumed in the other cases. No attempt 
was made to estimate the change in (w) occurring during 
mannitol loading in the two follow-up studies. (Table vu.) 

t Earley [7] has recently described a six month old 
infant with obstructive uropathy and an associated 
polyuric state in whom the abnormality was attributed 
to ‘“‘an acquired, reversible renal tubular unresponsive- 
ness to the antidiuretic hormone.” 
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and I['*! clearance in the fourth. Values for urea 
clearances in all patients were inordinately 
high when compared to the simultaneous values 
for glomerular filtration rate. In Case Iv a pro- 
gressive increase in the urea/inulin clearance 
ratio occurred during the period of study. In 
Case 11, I'*' clearance was considerably higher 
than would be predicted for the level of the filtra- 
tion rate. 

Solute Excretion. In Cases 1 and u values for 
osmolar clearances averaged 15.6 per cent and 
26.4 per cent of the filtered water. In Case rv the 
value initially was 9.9 per cent but it increased 
progressively to a final value of 19.3 per cent. 
The fraction of the osmolar clearance attributa- 
ble to electrolytes in Cases 1 and 1m was 73 and 52 
per cent, respectively. In Case tv this figure rose 
from 50 to 72 per cent. 

Values for the minute rates of sodium excre- 
tion during the clearance studies are included in 
Table un, tv, v and vu. The percentage of filtered 
sodium excreted ranged from 6.3 per cent in 
Case 1m to 20 per cent in Case 1. In Case rv this 
ratio increased from 4.1 per cent during the first 
clearance period to 13.1 per cent during the final- 
period. Values for the percentage of filtered. 
chloride excreted tended to be slightly higher 
than those for sodium. The percentage of filtered 
potassium excreted ranged from 41 per cent to 
142 per cent and approached or exceeded unity 
in three of the four patients. 

In Case mr the administration of 10 mg. of 
DOCA subcutaneously was associated with a 
marked decrease in urine flow, sodium and 
chloride excretion rates, and an increase in 
potassium/inulin clearance ratios. This will be 
referred to again. 


Follow-up Studies 


Follow-up studies were made in two patients 
after subsidence of polyuria. (Table vi.) Im- 
provement was noted in values for glomerular 
filtration rate, renal plasma flow (measured in 
only one patient), concentrating ability, and 
electrolyte and water excretion. The marked 
degree of the improvement in solute and water 
excretion becomes apparent when the response 
to experimental induction of osmotic diuresis is 
examined. In both patients a non-electrolytic 
solute (mannitol) which characteristically pro- 
duces progressive increases in the excretion rates 
of sodium, chloride and water was infused at 
a brisk rate. The percentage of the filtered loads 
of these substances excreted did not equal the 
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TABLE VIII 
FOLLOW-UP STUDIES 
| | | 
I. 
Priming Injection of Inulin and PAH at — Forty-two Minutes; Inulin, PAH, Mannitol Sustaining Solution (at — Forty Minutes) 
| | | | oe 
1 0-15 | 39.7 | 5.3 | 14.4 | 7.0 324 78 315 | 6.6 7.8 185 16.8 53.1 | —0.9 
2 44.01 15.4] 6.5 | 69 8.8 148 17.8 | 49.3 | —1.0 
3 | 30-45 2.1 1° 6.8 374. 5.8 297 77 391 8.0 9.6 191 19.9 —1.0 
| | | | | 
100 mp Pitressin by Single Injection and 1 my./minute Infused in Sustaining Solution (at Forty-six Minutes) 
‘ 
4 | 65-80 | 45.9 8.7 20.4 4.9 316 72 | 505 9.4 33.3 204 23.7 ee —1.4 
> | 80-95 | 46.2 Pe 22.1 4.5 317 5 | §42 10.4 12.4 210 25.1 48.2 -—1.3 
6 | 95-100} 46.6 | 10.3 | 23.7 4.2 333 76 | 649 12.3 13.8 185 26.5 47.8 | —1.2 
CasE I. 
Priming Injection of Inulin and PAH and Initiation of Sustaining Solution (at — Thirty-eight Minutes) 
1 | 0-14] 39.9 3.9 | 10.5 oy jae | 75 | 187 3.7 4.1 34.5 8.1 50.4 | 0.9 2.25 
2 | 14-29 46.8 4.2 | PE | 10.3 | 73 202 3.5 3.8 31.6 7.8 48.3 | 0.8 1.72 
3 29-445 35 .6 4.4 | 7.5 | 73 180 4.0 4.4 36.5 8.8 50.4 | 4.13 


50 mp. Pitressin by Single Injection at Forty-five Minutes; 1 mp./minute Pitressin and Mannitol Infused in Sustaining Solution (at Forty-six Minutes) 


4 | 75-90 | 40.7 £9 1 23.6 7.7 69 314 6.3 aa 41.3 13.2 48.8 | —0.1 

5 | 90-107; 45.3 4.8 | 11.4 8.7 | 60 293 $.3 6.0 32.0 11.4 46.9 | +0 

6 |107-121] 42.0 12.2 65 341 6.6 7.6 36.6 14.3 46.4 | —0.1 

7 |121-135) 39.8 334 6.8 7.8 34.4 14.9 45.9 | —0.2 
| | | 


Nore: Case 1. See Table 1 for details of water administration. Sustaining solution was delivered in a normal saline vehicle at 8 ml./minute. 
Mannitol was administered throughout the study at 840 mg./minute. Case nu. See Table im for details of water administration. Sustaining 
solution A (periods 1 to 3) was delivered in a vehicle of 0.45 per cent saline and 2.5 per cent dextrose at 3.0 ml./minute. Sustaining 
solution B (containing mannitol, 840 mg./minute) was delivered in the same vehicle at 8.0 ml. /minute. See preceding tables for definitions 


of symbols. 


respective values recorded during the phase of 
spontaneous polyuria. 


COMMENTS 


Sudden impairment of the ability of the kid- 
neys to conserve salt and water may result in 
serious losses of extracellular fluid. In the ab- 
sence of judicious replacement therapy, these 
losses may ultimately impose life-threatening 
physiologic derangements. In the present pa- 
tients an abnormality in renal function, asso- 
ciated with excessive salt and water excretion, 
resulted after relief of mechanical obstruction 
of the urinary tract. In two of the four patients 
the obstruction was due to prostatic hypertrophy. 
In another an inlying bladder catheter became 
occluded and in the fourth a ureteral calculus 
obstructed flow from a solitary kidney. 

Clinically the syndrome was characterized 
initially by anuria, symptoms and signs of 
uremia, and chemical evidence of marked renal 
insufficiency. Differentiation from other forms 
of acute renal failure, including acute tubular 


necrosis, was facilitated by the presence of total 
anuria and in three cases by palpable bladder 
distention. The state of hydration prior to 
decompression varied from overt dehydration to 
frank edema and presumably reflected the 
antecedent fluid administration. Immediately 
following relief of obstruction by appropriate 
instrumentation, a polyuric state became mani- 
fest. The duration of this varied from several 
days to three and a half months. In three pa- 
tients the urinary losses were formidable and in 
all patients it was necessary to replace urinary 
losses for a minimum of several days, in order 
to prevent depletion of extracellular fluid 
volume. 

Although the development of a polyuric state 
following the relief of obstruction of the urinary 
tract has been previously documented [8], the 
mechanisms of the diuresis remain poorly de- 
fined. It is the intent of this discussion to con- 
sider observations which may help to extend 
knowledge regarding these mechanisms. Many 
of the findings in the present patients have also 
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been noted in other renal salt-wasting syndromes 
and in chronic Bright’s disease. It is suggested, 
therefore, that qualitatively similar abnormali- 
ties in electrolyte excretion may occur in other 
patients with renal disease who demonstrate 
impaired ability to conserve salt and water. 

Nature of the Diuresis. ‘The characteristics of 
the diuresis in the present patients paralleled 
those observed in normal subjects when proximal 
tubular reabsorption of water is depressed by 
administration of an exogenous loading solute 
(i.e., during osmotic diuresis). Three groups of 
data illustrate this point. 

Inulin urine/plasma (U/P) ratios: The progres- 
sive concentration of inulin as it courses down 
the nephron occurs as a function of water reab- 
sorption. According to current evidence [9] 
about 7’ of the filtered water is reabsorbed 
in the proximal tubule and thus at the end of this 
segment the inulin U/P ratio approximates 8. 
Any additional reabsorption of water in the 
distal tubule will of course further increase the 
U/P ratio; however, suppression of distal tubular 
water reabsorption (e.g., during maximum 
water diuresis) is not typically associated with 
inulin U/P ratios appreciably below 8. The only 
way in which values below this level may rou- 
tinely be achieved is by suppressing proximal 
water reabsorption. Experimentally this can be 
accomplished by the introduction, into the 
plasma and thus the glomerular filtrate, of a 
poorly reabsorbed osmotically active solute, 
such as mannitol or urea. In the presence of such 
diuresis (osmotic diuresis) inulin U/P ratios 
quite uniformly decrease below 8 and approach 
1 as a limiting value. 

The minimum inulin U/P ratios in the pres- 
ent patients were all below 8 and ranged from 
3.4 to 5.9. 

Urea/inulin and I**'/inulin clearance ratios: In the 
normal! kidney it is believed that approximately 
40 per cent of the filtered urea back-diffuses in 
the proximal segment [70]. Presumably this oc- 
curs because the proximal reabsorption of 
water creates a concentration gradient between 
the urea in the tubular urine and that in the 
peritubular capillary blood. If water is removed 
from the urine traversing the distal segment 
due to the action of antidiuretic hormone, 
a small additional percentage of urea may 
back-diffuse. When antidiuretic hormone activ- 
ity is inhibited, essentially all the urea escaping 
proximal reabsorption (i.e., approximately 60 
per cent of the amount filtered) will be excreted 


OCTOBER, 1957 


in the urine. However, when proximal tubular 
water reabsorption is inhibited (e.g., dur- 
ing osmotic diuresis) more than 60 per cent 
of the filtered urea may be excreted. In each 
of the three patients in whom appropriate 
measurements were obtained, over 80 per cent 
of the filtered urea was excreted. 

The mechanisms of the renal excretion of 
iodide resemble in many respects those for urea 
[7]. At inulin U/P ratios of 8 or greater no more 
than 50 per cent of the filtered I'*! is excreted. 
When U/P ratios fall below 8, however, I'*!/ 
inulin clearance ratios increase in a manner 
qualitatively similar to that described for urea. 
In Case m the mean value for I'*!/inulin 
clearance ratios was 61 per cent. 

Osmolar clearance: In a normal subject on a 
normal diet osmolar clearance ranges from 1 to 
3 per cent of the filtered water. In experimental 
osmotic diuresis, however, these values may vary 
from 10 to 50 per cent. In the three cases in 
whom measurements were made, maximum 
values for osmolar clearance ranged from 18 to 
28 per cent of the concurrent values for filtered 
water. 

Nature of the Non-reabsorbed Solute. On the 
basis of the foregoing observations it has been 
concluded that the polyuria resembled that 
which is seen in normal subjects during osmotic 
diuresis. * Since no exogenous loading solute was 
infused in the present patients, the unreabsorbed 
solute must therefore have been of endogenous 
origin. | | 

In the presence of osmotic diuresis induced 
by infusion of mannitol or urea, the loading 
substance constitutes approximately two-thirds 
of the urinary osmols, and electrolytes constitute 
the remaining third [77]. In three of the present 
patients sufficient observations were available to 
analyze the solute composition of the urine. In 
each subject the majority of urinary solutes 
consisted of electrolytes. Thus in Case 1 the 
electrolyte osmolar clearance f constituted 73 per 


* Similar values for inulin U/P ratios, urea/inulin 
clearance ratios and osmolar/inulin clearance ratios may 
be noted in other renal salt-losing syndromes and in 
advanced Bright’s disease. 

t Electrolyte osmolar clearance 

_ UnaV + UciV + UxV 
Posm 
where UV = minute rate of excretion and Posm = 
plasma osmolality. When this calculation was per- 
formed using the formula, 


electrolyte osmolar clearance = Cosm — [77], 


osm 


comparable values were obtained. 


; 
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cent of the total osmolar clearance, and sodium 
and chloride alone constituted 68 per cent of the 
total osmolar clearance. Although the plasma 
urea level on the day of study was 70 mg. percent, 
the excretion of urea accounted for only 29 per 
cent of the total solute excreted. In Case 1 
the electrolyte osmolar clearance comprised 52 
per cent of the total osmolar clearance, whereas 
urea constituted only 35 per cent of the total 
solute excretion. In Case rv, at the height of the 
diuresis, electrolytes accounted for 72 per cent 
of the total osmolar clearance. 

These data suggest that the unreabsorbed 
solutes responsible for the diuresis were electro- 
lytes, principally sodium and chloride, rather 
than endogenous urea or other endogenous 
osmotically active substances. 

Nature of the Defect in Electrolyte Excretion. he 
occurrence of large urinary losses of sodium and 
chloride in the presence of decreased glomerular 
filtration rates and normal or low plasma sodium 
concentrations can be explained only on the 
basis of depression of tubular reabsorption of 
sodium chloride. It is possible to examine the 
present data for information regarding the site of 
the predominant abnormality of sodium chloride 
transport. Inherent in such an analysis is accept- 
ance of the concept that proximal tubular reab- 
sorption of solute and water proceeds in an isos- 
motic manner. * 

During water diuresis, the hypotonic urine 
may be divided conceptually into two moieties: 
(1) a fraction which is isosmotic to the plasma; 
and (2) the remainder which is solute-free water 
'13|. Elaboration of solute-free water is made 
possible by distal tubular reabsorption of solute 
(chiefly sodium and an attendant anion) with- 
out simultaneous proportional water reabsorp- 
tion. An approximation of distal solute reabsorp- 
tion may be made from the amount of solute 
removed to produce the free water (i.e., the 
osmotic equivalent of the free water clearance). 
During maximal water diuresis this figure equals 
approximately 13 per cent of the filtered load of 
solutes. Thus in a normal state about 13 per 
cent of the filtered sodium is reabsorbed distally 
and 1 to 2 per cent is excreted. 

In Case 1, 20 per cent of the filtered sodium 


* Defense of this thesis is beyond the scope of the pres- 
ent discussion but comprehensive reviews may be found 
in the writings of Smith [9,72]. 

+ The calculation of the osmotic equivalent of the 
free water clearance (T4osm) in wOsm/min. = 
Cx,o (ml./minute) X plasma osmolality (uOsm/ml.). 


was excreted. This figure is greater than could 
be theoretically accounted for by complete 
cessation of distal sodium reabsorption. More- 
over, that some distal sodium reabsorption oc- 
curred, despite the natriuresis, is suggested by 
the presence of a dilute urine. The amount of 
solute removed from the urine to achieve the 
observed degree of hypotonicity was equal to 3 
per cent of the filtered load of osmols. In Case 11 
the percentage of filtered sodium excreted was 
6.3 per cent. The value for chloride, which is 
perhaps more satisfactory in that it is not ap- 
preciably affected by sodium reabsorbed by 
cation exchange, was 9.3 per cent. Both of these 
values could be accounted for by suppression of 
distal reabsorption. However, the osmotic equiv- 
alent of the free water clearance ranged from 
9.1 to 12.8 per cent of the filtered load of osmols 
(average 10.8 per cent). These values which ap- 
proximate the maximal figure for distal solute 
reabsorption suggest that, despite the continuing 
natriuresis and chloruresis, distal reabsorption 
of sodium and chloride was intact and near- 
maximal. The lack of osmolality data in Case m1 
precludes calculation of the free water clearance 
or the osmotic equivalent in this instance. 
However, the percentage of filtered loads of both 
sodium and chloride excreted ranged from 12 
to 14 per cent. To account for these percentages 
on the basis of a distal lesion would necessitate 
the assumption of virtually complete suppression 
of distal solute reabsorption. The observation 
that the specific gravity of this patient’s urine 
ranged from 1.010 to 1.010 suggests that he 
maintained the capacity to elaborate a dilute 
urine and supplies presumptive evidence that his 
distal solute reabsorption was not completely 
suppressed. In Case rv the urine was hypertonic 
throughout and the possible contribution of 
distal solute reabsorption could not be calculated. 
It is concluded, therefore, that the funda- 
mental lesion responsible for the polyuric state 
in the cases described was a defect in the tubular 
transport of sodium and chloride. It is suggested, 
moreover, that the defect was located predomi- 
nantly in the proximal segment, and that there 
was continuing distal solute reabsorption. 
Primacy of the Tubular Lesion. In any renal 
salt and water wasting syndrome, the question 
must arise as to whether polyuria is due to renal 
dysfunction or is a homeostatic response to the 
administration of large volumes of parenteral 
fluid. In the present patients the observations 
indicate that polyuria represents, at least in 
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part, a failure of the kidneys to defend the integ- 
rity of body fluids. The primacy of the renal 
lesion is especially apparent in Case 1m in which 
the polyuric state persisted for over three months 
despite repeated periods of enforced fluid re- 
striction. There is evidence, however, in Case 
1v which suggests that the renal excretion of salt 
and water in a salt-losing state may not be wholly 
independent of the concurrent fluid intake. In 
this patient the infusion of an isotonic solution of 
sodium chloride at the rate of 5 ml./minute 
during the course of clearance studies evoked a 
progressive and inordinately large increase in 
electrolyte and water excretion throughout the 
periods of observation. Neither the glomerular 
filtration rate nor plasma sodium concentrations 
changed appreciably and thus the filtered load 
presumably remained constant. This exag- 
gerated response to minimal extracellular fluid 
expansion suggests that the transport mecha- 
nisms for sodium and/or chloride were in- 
fluenced (although in an abnormal manner) by 
alterations of some function of the extracellular 
fluid. 

Miscellaneous Observations. The explanation 
for the increase in urea/inulin clearance ratios 
with falling urine flows (following pitressin in the 
initial study, Case 11) and the decrease in these 
ratios with rising urine flows (following mannitol 
infusion in the follow-up study, Case m) is not 
apparent. 

In Case 1 the response to 10 mg. of DOCA 
was characterized by a decrease in sodium and 
chloride excretion rates and in urine flow, and a 
rise in the percentage of the filtered load of potas- 
sium excreted. This is somewhat difficult to 
reconcile with the fact that prolonged adminis- 
tration of DOCA in amounts up to 15 mg. a day 
did not decrease the magnitude of polyuria. 
The possibility that in the acute experiment 
the parenterally administered DOCA transiently 
reversed the defect in sodium transport cannot 
be evaluated on the basis of existing data. 


SUMMARY 


Observations have been described on four 
patients in whom an abnormality in renal func- 
tion developed in association with mechanical 
obstruction of the urinary tract. Clinically, the 
presenting manifestations were those of acute 
renal failure (complete urinary suppression and 
symptoms and signs of renal insufficiency). 
Immediately following relief of the obstruction 
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by appropriate instrumentation, polyuria oc- 
curred, varying in duration from several days 
to three and a half months. The maximum 
twenty-four-hour urine volumes ranged from 
4.5 L. to 15 L. and the twenty-four-hour sodium 
excretion from 250 to 1,900 mEq. Renal function 
studies were conducted during the diuretic phase 
in all patients, and in two patients follow-up 
studies were performed after subsidence of poly- 
uria. The initial studies revealed impairment of 
glomerular filtration rate, renal plasma flow and 
concentrating ability. The most impressive 
feature of the nephropathy, however, was the 
abnormality in salt and water excretion which 
was responsible for the polyuria. Analysis of this 
abnormality, based on current physiologic inter- 
pretations, led to the following conclusions: 
(1) the diuresis was similar to that seen in nor- 
mal subjects during experimental osmotic 
diuresis; (2) the diuresis resulted primarily 
from the delivery into the urine of an excessively 
high percentage of the sodium and chloride 
filtered at the glomerulus; (3) the defect in 
sodium and chloride excretion could be related 
to suppression of tubular reabsorption; and 
(4) the latter was located predominantly in the 
proximal segment. The inability of the patients 
to decrease salt and water excretion in response 
to enforced fluid restriction favors the primacy of 
the tubular defect in the genesis of the polyuria. 
However, potentiation of the diuresis in one pa- 
tient by the infusion of an isotonic saline solution 
suggests that concurrent! fluid administration 
may influence the magnitude of the diuresis. 

Follow-up studies demonstrated improvement 
in the majority of parameters examined, indi- 
cating that the nephropathy attendant upon uri- 
nary retention includes multiple renal functions. 

Certain of the functional patterns noted in the 
present patients may also be observed in subjects 
with advanced Bright’s disease and with other 
renal salt and water wasting syndromes. The 
possibility has been considered, therefore, 
that qualitatively similar defects in sodium and 
chloride excretion may be operative in these 
States. 
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Treatment of Renal Failure with the 
Disposable Artificial Kidney’ 


Results in Fifty-two Patients 


SHIGETO AOYAMA, M.D.7 and WILLEM J. KOLFF, M.D. 
Cleveland, Ohio 


HE artificial kidney no longer is a last resort 
f iene measure of desperation; it has taken its 
place in the routine treatment of renal insuffi- 
ciency [7,2]. Its use is indicated whenever 
temporary relief of uremia offers improvement, 
but it should be used only as a part of an inte- 
grated plan for the treatment of renal failure. 

Artificial kidneys remove retention products 
from the blood and correct imbalance of the 
plasma electrolytes through the process of dialy- 
sis; the small molecules of urea, creatinine, uric 
acid and other retention products diffuse from 
the blood through a cellulose membrane into the 
rinsing fluid; and at the same time the electro- 
lytes in the blood come into equilibrium with 
those in the rinsing fluid. The advantages of the 
disposable coil kidney over other artificial 
kidneys are that it is prefabricated, already 
sterilized, convenient to set up and easy to 
operate. It is within reach technically and 
financially of any medical center where a staff 
is willing to be trained in the special care re- 
quired by patients with uremia. 

Technique of Dialysis with the Coil Kidney. A 
coil kidney is taken from storage just before it is 
to be used. It is flushed with normal saline solu- 
tion and primed with 750f ml. heparinized 
blood (for a home-made kidney); it is then 
ready for use. (Figs. 1 and 2.) A kidney with 
two cellulose tubes in parallel (called a twin- 
coil kidney) has a dialyzing area of 18,000 
sq. cm. One dialysis takes five to six hours. 

Blood is withdrawn from the patient through 


t Recently, we have found that 1,100 ml. of blood are 
necessary to prime the disposable artificial kidney as it is 
now commercially available. 


polyvinyl chloride catheters,§ either from the 
radial artery or via the saphenous vein from the 
vena cava inferior, and returned to a median 
cubital, cephalic or jugular vein. 

Technical Failures of the Coil Kidney. ‘There has 
been no leak in any of the coil kidneys manu- 
factured by Travenol Laboratories. One cello- 
phane coil ruptured; insufficient heparin had 
been used and clotting in the filters occurred; the 
blood that was being pumped into the artificial 
kidney caused rupture of the cellophane tubing 
when the outflow was blocked. This develop- 
ment can be avoided by carefully watching the 
pressure in the filters (the plastic filter housing 
can be palpated). 

Urea Clearance of the Coil Kidney. ‘The urea 
clearance of a coil kidney is calculated by using 
the formula: 


(Biatiow Bes tflow) 


X flow rate per minute 


Urea clearance = 


where B = blood urea. 


Since the rinsing fluid is not constantly fresh, 
a somewhat lower clearance rate may be ex- 
pected clinically than the 130 to 140 ml. per 
minute obtained in vitro. During clinical dialyses 
at flow rates of 200 ml. per minute, eleven 
determinations of the urea clearance of the coil 
kidney were made; the average clearance was 
105 (78 to 133) ml. per minute. Larger blood 
flows, 200 to 400 ml. per minute, produced 
larger clearances. 


§ Travenol Laboratories, Morton Grove, Illinois. 


* From the Division of Research, The Cleveland Clinic Foundation and The Frank E. Bunts Educational Institute, 
Cleveland, Ohio. This work was supported by a grant to Doctor Kolff from the Life Insurance Medical Research 


Fund. 


t Fellow, Division of Research, The Cleveland Clinic Foundation. 
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Fic. 1. Diagrammatic cross-section of the artificial kidney in operation. While the blood 
is pumped through the coils of cellulose tubing, compressed between layers of screen, rins- 
ing fluid is pumped crosswise through the screens. (From: Korrr, W. J. and WATSCHINGER, 
B. Further development of coil kidney. J. Lab. & Clin. Med., 47: 969-977, 1956.) 


RESULTS 


This series comprises the fifty-two patients in 
whom ninety dialyses were performed during 
the year 1956. Reported dialyses were performed 
in twenty-four patients, one of whom was 
dialyzed eight times. 

Acute Uremia. ‘Twenty-nine patients had 
acute renal failure; fifteen recovered and four- 
teen died. (Table 1.) Of the fifteen patients who 
recovered, four, including two having anuria 
following transfusion reactions, might have re- 
covered without benefit of dialysis. However, we 
believe the remaining eleven patients could not 
have survived without dialysis, either because of 
the duration of the anuria or because of the 
severity of their clinical condition. 

In retrospect it would seem that two of the 
three deaths from crush syndrome might have 
been avoided. Both patients died in cardiac 
arrest, one probably from potassium intoxica- 
tion. Our present experience supports our belief 
that a second dialysis should be given sooner in 


these severely ill patients. The third patient died 
within one minute after an intravenous injection 
of 60 mg. of heparin. 

A patient who had resistant staphylococcal 
enteritis with sepsis died four days after the first 
dialysis and at the beginning of the second dialy- 
sis when the blood urea was 306 mg. per 100 ml. 
Although uremia was not the only cause of 
death, we believe that in that case, too, the 
interval between dialyses may have been too 
long. The other patient with resistant staphy- 
lococcal sepsis had severe occlusive arteriosclero- 
sis of both legs and his renal function failed to 
recover. In the other three patients with fatal 
hepatorenal syndrome, dialysis was performed 
as a last resort. In one of them, common bile duct 
stones were overlooked. Although they seemed 
poor candidates from the start, we _ believe 
dialysis was indicated in these patients. To sup- 
port this belief, we mention a sixty-one year-old 
man with “hepatorenal syndrome”’ after prosta- 
tectomy whose condition seemed equally hope- 
less but who recovered after dialysis. 
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Fic. 2. Close-up of the dialyzing unit, showing the two tubes that carry the blood from the patient to 
the coil kidney and the two tubes that return the blood to the patient. The rinsing fluid that is being 
pumped into the dialyzer from the tank flows over the top of the dialyzer and falls back into the tank. 


Three patients with overwhelming infection 
died before any benefit from the treatment could 
be expected. One had diffuse papillary necrosis 
of the kidneys and pneumonia with pulmonary 
edema; one had bronchopneumonia: and the 
other had sepsis following abortion. The patient 
who had hyperkalemia after pneumonectomy 
for tuberculosis died several hours after the 
dialysis, due to pulmonary insufficiency, al- 
though the serum potassium level was corrected 
to normal. 

Fresh, myocardial infarction occurred as a 
complication in three patients during the period 
of anuria. We do not see how the occurrence 
of myocardial infarction could have been 
avoided. 

In summary, of the fourteen patients with 
acute uremia who died, three might have had a 
better chance of survival with more frequent 
dialyses. Of the remaining eleven, in nine life 
was prolonged and temporary clinical improve- 
ment was obtained. 

Chronic Uremia. ‘Twenty-three patients had 
chronic renal failure. Ten died in the hospital 
and thirteen were clinically improved when they 
were discharged from the hospital. (Table um.) 
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The results will not be discussed in detail but 
the following remarks may be useful. 

The prognosis of uremia complicated by 
severe or malignant hypertension was hopeless, 
and benefit from dialysis, if any, was of short 
duration, although four of the seven patients 
could leave the hospital after treatment. 

Of three patients with polycystic kidneys, two 
did very well. One of the latter patients was 
extremely ill with uremic pericarditis and needed 
three dialyses, but is now back at work. 

The condition of three of four patients with 
chronic pyelonephritis was improved when 
they were discharged from the hospital. One 
patient died thirteen days after the fourth 
dialysis. However, this patient had had a useful 
life for six months between the first and the 
second dialysis. 

Dialysis for subacute glomerulonephritis has 
never been successful in our experience, but in 
this series the condition of the one patient with 
this disease, a forty-four year old physician, im- 
proved remarkably and his daily urinary output 
increased to 2 L. after dialysis. However, septic, 
purulent pericarditis then developed which 
caused his death. 


- 
> 
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TABLE I 
DATA IN TWENTY-NINE PATIENTS WITH ACUTE RENAL FAILURE TREATED BY DIALYSIS 


| Duration af | Duration of 
Renal Failure Survival After 


| 
' 


Total | No. of | wes No. of | 

Category No. of | Patients | Specific Diagnosis | | Patients | | 
| Patients | Recovered Dead ones 
| | | 1.5 L./24 hr | Failure 

| (days) | | (days) 
| | | | | | 
“‘Hepatorenai syndrome”’ | | 
Following operation........ | 7 | 3 | Suprapubic prosta- 6 4 | Occlusive arterio- 21 
| tectomy (1) | _ sclerotic disease and | 
| | | staphylococcal sep- | 
| sis (1) 
Cholecystectomy and | 22 
| gastric resection, 
| | bleeding duodenal 
| | stump (1) 
Not following operation....... | Acute hepatitis (1) 13 Common bile duct 8 
| | | | | stone (1) | 
| Meningococcal septi- | 13 .. | Carcinoma of pros- 10 
| | cemia (1) | tate and acute myo- | 
| cardial infarction (1) | 
Crush syndrome | ' | 
Following accident.... pe 4 2 | Retroperitoneal hem- | 10 1 ' Crush injury of arms, | 7 
orrhage and staph- cardiac arrest (1) | 
viococcal enteritis (1) 
| Shotgun wound (1) 7 
Following aortic grafts.........) 2 Cardiac arrest (2) | 21,7 
| | 
Abortion with hemolytic sepsis... . | 14, 16 | I Overwhelming sepsis | 3 
Tubular necrosis following major | aoe 1 Exenteration of pelvis | 12 3} | Bronchopneumonia | 17 
operations (without jaundice). . .| for cancer of sigmoid (1) 
| _ Staphylococcal enter- | 15 
| | | itis with sepsis (1) 
| | | Myocardial infarction | 8 
| (1) | 
| | | 
Acute diabetic acidosis......... 1 | HCO." 5.5 mEq./L. | 11 | 1 HCO,” 4.8 mEq./L.; | 18 
| | acute myocardial in- | 
| farction (1) 
| | 
3 | Bilateral renal stones | 6 2 Pulmonary insuffi- 10 
ciency after pneu- 
monectomy (1) 
| Acute necrosis of renal 
pillac, pulmonary 
| | edema with bron- 
_ chopneumonia (1) 
: (Range 3-16) | | (Range 3-22) 
* This patient was never anuric although severely uremic. 
t+ Urinary output in children never reached 1.5 L. per day. 

The duration of clinical improvement is Responses to Treatment. Sedatives are withheld 
difficult to assess. One patient with carcinoma during the first hours of treatment so that any 
of the prostate and one with polycystic kidneys discomfort of the patient may be recognized. 
are well eight months after dialysis, and their Three patients died during dialysis. Two were 
improvement is beyond doubt. The estimated near death before dialysis. ‘The third was verv 
average duration of clinical improvement in the _ ill with fluctuating blood pressure and peri- 
eleven others is seven weeks (two to twenty-four _—_ carditis, but his death came unexpectedly after 
weeks). Actually, the average is higher because _an intravenous injection of ansolysen® (pentol- 
some patients were treated recently and are still —_inium bitartrate, 0.9 mg. in three divided doses) 
doing well. — given to suppress a rise in blood pressure. 
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‘TABLE II 


DATA IN TWENTY-THREE PATIENTS WITH 


CHRONIC 


RENAL FAILURE TREATED BY DIALYSIS 


Improved Condition | 
‘Total After Last Dialysis 
Diagnosis No. of When Discharged Died in Hosp ital in Patients 
Patients from Hospital | (no. of patients) Who Died 
(no. of patients) | (days) 
Severe or malignant hypertension | 
with or without chronic nephritis. | a 4* 3 ime 
Arteriosclerotic occlusion of renal | | | 
artery (single kidney)......... 0 1 9 
Polycystic kidneys. ...... 3 3 | 
Chronic pyelonephritis. . . . | 4 3 1 13 
Hydronephrosis due to obstructing | 1 (abdominal carcino- 
ureters or bladder neck... .__. 3 | matosis) 7 
1 (invasive carcinoma | Died of cardiac arrest 
| | of sigmoid, pericardi- | during dialysis 
| | | tis, severe acidosis) 
Temporary obstruction of urinary | 
tract, cancer of prostate....... | 2 2 | be 
Chronic glomerulonephritis with | 
chronic and acute pyelonephritis. | 1 0 1 
Subacute glomerulonephritis with | 
purulent pericarditis............ os 0 1 24 
Necrotizing angiitis............... 4 0 1 17 
23 13 10 Average 11 


(Range 3 to 26) 


* Three patients returned in cardiac failure and uremia twenty-three, forty-two, or seventy-six days later; the 
fourth one died at home in cardiac failure and uremia, shortly after discharge from the hospital. 
t This patient died twenty-six days after the last dialysis, but fifty-seven days after the first dialysis (Case mr). 


Stiffness or local pain in the one arm used for 
cannulation occurred in most patients. Fatigue 
toward the end of the six-hour procedure was 
mentioned often by the patients. 

The three typical symptoms or signs of uremia, 
twitching, changes in sensorium and vomiting, 
when present, usually improved with dialysis; 
however, fever or severe hypertension some- 
times prevented improvement. Generalized 
twitching occurred in eight of the fifty-two pa- 
tients before dialysis. In six of these it was 
lessened or it subsided after dialysis. One patient 
was comatose and had continuous clonic seizures 
for five days. These subsided after dialysis; she 
awoke and began to talk. 

Ten of fifty-two patients were mentally clear 
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before dialysis. Forty-two were apprehensive 
or restless, mentally confused, lethargic or coma- 
tose before dialysis; of the patients who lived, 
only one did not improve. 

Nineteen of the fifty-two patients vomited 
before dialysis. Ten of these nineteen patients 
vomited during dialysis. Gastric suction was 
used prior to and throughout dialysis in the nine 
other patients. Vomiting usually was lessened 
the day after dialysis; in ten of nineteen patients 
it definitely diminished. Some patients had good 
appetites after being dialyzed. 

Changes in Arterial Pressure. Arterial pressures 
were measured every five minutes at the begin- 
ning and at least every fifteen minutes during 
the further course of each dialysis. 


> 
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TABLE 
CHANGES IN ARTERIAL BLOOD PRESSURE DURING DIALYSIS 


| Total Total No. of Dialysis with No. of Dialyses with 


| No. of No. of | Initial Systolic Pressure Initial Systolic Pressure 
_ Dialyses | Patients of 150 mm. Hg or more | of less than 150 mm. He 
(90) ar (38) | (52) 
systolic pressure 38 19 19 
Temporary decrease | >30 mm. Hg (42%) | (50%) (50%) (36.5%) 
in blood pressure | —— —- 
|in diastolic pressure | 29 | 22~=« | 17 12 
, | >20 mm. Hg | (32%) (42%) (45%) (23%) 
in systolic pressure | 40 29 17 23 
_>20 mm. Hg (44%) (57%) (45%) (44%) 
in blood pressure | in diastolic pressure 16 14 | 4 12 
>20 mm. Hg (18%) (27%) (11%) (23%) 


A temporary decrease of more than 30 mm. 
Hg was observed in 50 per cent of the patients 
with systolic blood pressures of 150 or higher be- 
fore dialysis, and in 36.5 per cent of the patients 
with systolic blood pressures lower than 150 be- 
fore dialysis. (Table ur.) The temporary falls in 
arterial pressure occurred within the first hours 
of dialysis and rarely caused any concern. The 
patients did not notice them. Usually the blood 
pressure could be corrected by a small trans- 
fusion of blood. Often 100 ml. of blood was 
enough; occasionally 300 ml. or rarely 500 ml. 
was required. In two patients an infusion of 
norepinephrine (levophed®) also was required. 

In six instances the diastolic pressure dropped 
to below 20 mm. Hg despite maintenance of a 
normal or high systolic pressure. The fall cannot 
be attributed to the occurrence of anemia or to 
the presence of an arteriovenous fistula; the 
shunt through the artificial kidney is too small. 
Moreover, when the circulation through the 
kidney was temporarily shut off, the diastolic 
pressure remained low. Some patients with acute 
renal failure had had low diastolic pressure of 
unknown cause during the course of their disease. 

Increases in systolic pressure [3] of more than 
20 mm. Hg occurred during 44 per cent of the 
dialyses. (Table mr.) Mostly they caused little 
concern. Sometimes they were most welcome. 
Five of our patients who were unable to main- 
tain a satisfactorily high blood pressure before 
dialysis maintained it without further use of 
pressor agents after dialysis. (Table rv.) 

Excessive increases in arterial pressure oc- 
curred four times. (Table rv.) In these cases 


pentolinium bitartrate (ansolysen*) was given 
intravenously in small divided doses. One patient 
died during the dialysis after the administration 
of ansolysen but the death was not necessarily 
due to the lowering of blood pressure; the patient 
also had carcinoma of the colon, hydronephrosis, 
chronic bladder neck obstruction with acute 
pyelonephritis and pericarditis. 

Many patients with acute uremia, and some 
with chronic uremia, have labile blood pressure. 
One should be prepared for a fall in blood pres- 
sure during the first hours and a rise during the 
last few hours of dialysis. Both changes are 
amenable to treatment. The lasting improve- 
ment of blood pressure was gratifying in some 
patients whose hypotension prior to dialysis had 
resisted all attempts at correction. 

Cardiac Irregularities. Cardiac irregularities 
have not been a serious problem; when they 
occurred their occurrence was not consistent in 
the same patient. Temporary auricular fibrilla- 
tion was noted twice; in each case it reverted to 
normal sinus rhythm before the following morn- 
ing. In one patient auricular flutter developed 
the morning after dialysis. A temporary increase 
in pulse rate occurred in many patients. Iwo 
patients had a transient tachycardia’ with 
extrasystoles. 

Increasesin Temperature. Increases in tempera- 
ture greater than 1°r. occurred during sixteen 
of the fifty-two dialyses in which the temperature 
was recorded. Shaking chills did not occur, but 
during eight dialyses there was chilliness or a 
minor chill. 


Hemorrhage, Heparin and Clotting Time. Hem- 
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TABLE IV 
DESIRABLE AND UNDESIRABLE RISES IN BLOOD PRESSURE DURING DIALYSIS 


Arterial Pressures (mm. Hg) 
No. and Type 
Patients 


Before Dialysis | 


After Dialysis 


Results 


Hypotensive patients 80/49 117/58 
(6) (60/40-90/50)  (102/50-142/60) | 
Patients with normal | 160/100 228/30 
or high blood pres- | 164/90 220/110 
sure (4) 110/70 (but 200/110 
_ probably hypo- 
tensive before) 
210/110 240/100 


_ One patient died; a desirable rise occurred in the five 
other patients. 


| Undestrable Rise Treated with Ansolysen 


| 1 mg. intravenously; rise controlled. 

1 mg. intravenously; rise controlled. 

mg. intravenously 

0.25 mg. intravenously } patient died. ; 

0.4 mg. intravenously 
1.25 mg. intravenously 4 times: rise controlled. 


orrhage has been less of a problem than one 
would expect and even active bleeding has 
proved to be no contraindication to dialysis. 

At the beginning of dialysis, patients were 
heparinized with 1 mg. of heparin per kilogram 
of body weight, and 20 or 25 mg. of heparin was 
added to each bottle of fresh citrated bank blood 
used for priming the coil kidney or for trans- 
fusion. During the dialysis 10 mg. of heparin 
was given per hour; more was given only 
when the clotting time was short. The average 
dose of heparin in adults was 165 mg. (110 to 
255 mg.). During the last hour of dialysis no 
heparin was given. 

The clotting time of blood returning from the 
coil kidney to the patient was determined every 
hour with Lee-White glass tubes. The beginning 
of clotting time was interpreted as the time when 
the blood became adherent to the wall of the 
tube, even if the clot would not hold when 
inverted. The clotting time was maintained 
between fifteen and thirty minutes for the first 
four hours of treatment. During the last hour, 
in the thirty-five dialyses in which it was deter- 
mined, it averaged sixteen minutes (six to thirty 
minutes). The clotting time was longer than 
twenty minutes only once. . 

Some oozing from the cut-down sites occurred 
in all but three patients. The oozing usually 
started two or more hours after the onset of 
dialysis. It was never serious, although gauzes 
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were changed more than ten times in eight pa- 
tients. Generally, oozing stopped after the 
wounds had been closed. In twenty-six instances 
50 mg. (25 to 200 mg.) of protamine sulfate 
was given at the end of dialysis. It was im- 
mediately effective in all but two patients in 
whom oozing was then controlled by a pressure 
bandage. 

Minimal hemorrhages have occurred from the 
rectum, from a nephrostomy wound, from the 
uterus after dilatation and curettage, from 
other surgical wounds, from the nose and from 
the gums. One would expect severe hemorrhages 
in these cases but they occurred only three times 
in ninety dialyses. Epistaxis developed once 
when, against the rules, a catheter for nasal 
administration of oxygen was applied. One 
dialysis was started as a life-saving procedure, 
notwithstanding active bleeding from a duodenal 
stump; 1,700 ml. of blood was needed to com- 
pensate for that lost from hemorrhage. The third 
patient in this series with severe bleeding was in 
profound hepatic failure and 300 ml. of blood 
oozed from the cut-down wound at the saphe- 
nous vein. 

Postdialysis Decrease of Urinary Output. In fif- 
teen of twenty-nine patients with acute renal fail- 
ure, diuresis began some time after dialysis; in 
six there was a slight decrease of urinary output 
on the day of or on the day following dialysis. 
(Fig. 3.) In four patients with chronic uremia 
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there was a pronounced decrease in urinary out- 
put following dialysis. For example, a urinary 
output of 2,000 ml. was temporarily reduced to 
850, 1,320 and 1,650 ml. on the day of and on 
the two days after dialysis, respectively. 

An explanation for the phenomenon of relative 
postdialysis oliguria has been sought by Merrill, 
Legrain and Hoigne [4] in the reduction of os- 
motic load. They tried to prevent the decrease by 
addition of urea to the rinsing fluid. In the pa- 
tients with chronic renal failure, we have tried 
to correlate the occurrence of the phenomenon 
with the change in osmolarity of the blood 
plasma during dialysis. It seemed that with 
decrease in osmolarity of more than 5 mOsm./L. 
during dialysis, urinary output was more likely to 
decrease after dialysis. Mannitol was sometimes 
given as an osmotic diuretic with the hope of 
preventing the postdialysis oliguria. In some 
patients it seemed to be effective, in others it 


was not. In one patient with subacute nephritis, 
urinary output decreased after the first dialysis 
but increased after the second dialysis when 
mannitol (37.5 gm.) was given. 

Hemolysis. In none of our patients did 
hemolysis develop as a result of dialysis. One 
patient with septic abortion had free hemoglobin 
in the blood at the onset of dialysis. To avoid 
hemolysis a soft polyviny! tube * (Tygon or other 
brand) in the blood pump (Sigmamotor fT pump) 
seems to be better than rubber. Photoelectric 
determinations of free hemoglobin in plasma 
confirmed that no significant hemolysis oc- 
curred. Initial values ranged from 19 to 37 mg. 
per 100 ml. Values before and after dialysis 
differed by an average of only 4 mg. (0 to 10 
mg.) per 100 ml. either way. 

*Travenol Laboratories, Inc., subsidiary of Baxter 


Laboratories, Morton Grove, Illinois. 
+t Sigmamotor, Inc., Middleport, New York. 
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Fic. 3A. Graphs of urinary output per twenty-four-hour period in patients with acute uremia who were treated with the 
coil kidney. The graph for Case 14 is not based on the scale of the ordinate; urinary volumes (ml.) in this patient far 
exceeded those in the other patients and are listed specifically. ‘There is no significant decrease in urinary volume in 
any of the eight patients shown although sometimes there is a short interruption in the upward trend of the lines on the 


day of dialysis. 
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PERFORMANCE OF COIL KIDNEY 


Urea Removed. ‘Table v indicates the results 
of dialysis of six hours’ duration. The great 
range is attributable to the wide variations in 
the initial levels of blood urea and in the 
weights of the patients. In patients weighing 
more than 80 kg. a dialysis of six hours’ duration 
suffices to reduce a severe uremia to a mild one; 
in smaller patients the blood urea may reach 
normal levels at the end of treatment. 

Electrolytes. ‘The composition of the rinsing 
fluid (Table v1) is adjusted so that in most cases 
plasma electrolytes are corrected toward normal, 
although they are not necessarily brought to a 
normal level. We are reluctant, for example, to 
increase suddenly a low sodium of 112 mEq./L. 
to a normal value at the end of the first dialysis. 
We try, however, to reduce a high serum potas- 
sium to a normal level and in order to do that 


d Case « Case Cose 
No.19 No.24 


Case | Case Case Case 
No.25 


may omit all the potassium from or add only 
2.5 mEq./L. to the rinsing fluid of the first bath. 
The CO;-combining power, at the end of dialy- 
sis or on the following morning, was corrected 
to an average of 21.5 mEq. Dialysis removes the 
metabolic acids responsible for acidosis and also 
provides base, as the rinsing fluid contains 
36 mEq./L. of sodium bicarbonate. If the acido- © 
sis has been very severe, it may be advisable 
to administer sodium lactate, for example, 40 
mEq./day, during the first day after dialysis. As 
a result of the correction of the acidosis, 
Kussmaul respiration, when present, subsided. 
Plasma chloride is, as a rule, easily corrected. 
Ultrafiltration. On the basis of in uttro experi- 
ments it is assumed that approximately 300 ml. 
of ultrafiltrate per hour of dialysis is removed 
from a patient. During treatment, a fall in the 
patient’s weight would be expected. Only nine 
patients could be weighed before and on the day 
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Fic. 3B. Graphs of urinary output per twenty-four-hour period in seven additional patients with acute uremia who 
were treated with the coil kidney. There was some small decrease in urinary output in six of the seven patients and a 


larger decrease in one patient. 
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TABLE v 
CHEMICAL RESULTS OF HEMODIALYSIS 
| Blood Urea | Serum Na | Serum K ee on _ Plasma Cl 
(mg./100 ml.) | (mEq./L.) | (mEq./L.) (mEq./L.) | (mEq./L.) 
Number of 56 60 54 46 
(81-542) (112-148) | (3.7-7.7) (4.8-—35) _ (60-102) 
After dialysis... .. 101 * | 139 4.7 21.5 | 97 
(36-192) | (125-148) | (3.6-5.85) 14-32) | (87-111) 
* Urea removed, mean 93 gm. (39-153 gm.) 
TABLE VI 
COMPOSITION OF RINSING FLUID* FOR THE ARTIFICIAL KIDNEY 
mkEq./L. 
Component |Gm./100 L. | 
Na K* Catt HCO;7 
| 300 = | 36 | 36 
Potassium 40 =| 5 5 
Magnesium chloride. 6H2O.............. | 30 =| : 3 3 


* Invert sugar (Travert), 0.4 per cent, and lactic acid to adjust pH to 7.4. During dialysis 10 per cent CO, in O, 


is bubbled through to maintain pH. 


+ Sometimes 600 gm. NaCl (138 mEq. of Na*) is used. 


t Sometimes 20 gm. KCl (2.5 mEq. of K*) is used. 


after dialysis. The average loss of weight was 
2.5 kg. Ultrafiltration can be increased to 700 ml. 
per hour by increasing the pressure in the blood 
outflow line to 250 mm. Hg with a screw clamp. 
Removal of edema fluid, without disturbing 
electrolytes, is considered advantageous in pa- 
tients with anuria. After dialysis patients often 
are thirsty and fluid intake has to be restricted if 
the weight loss is to be maintained. In de- 
hydrated patients fluid can be easily supplied. 


TYPICAL CASE REPORTS 


Case 1. Crush Syndrome (Fig. 4): A forty year old 
man whose abdomen was crushed by a roll of steel was 
operated on while he was in shock. ‘The kidneys were 
intact, but a large retroperitoneal hematoma was 
evacuated and a small rent in the superior mesenteric 
artery was repaired. The patient was given 14 pints of 
blood. Oliguria ensued and he became mentally con- 
fused. Pitting edema developed over the sacral region. 


Five days after the accident he was transferred to 
the Cleveland Clinic Hospital. The blood urea was 
276 mg. per 100 ml. The serum sodium was 135; 
serum potassium, 5.7; CO, combining power, 4.8; and 
plasma chloride, 104 mEq./L. The patient was 
dialyzed as soon as possible. After six hours, at the 
end of the treatment, the blood urea was 99 mg. per 
100 ml.; the serum sodium was 139; serum potassium, 
4.2; CO, combining power, 22; and plasma chloride, 
103 mEgq./L. The patient's general condition 
improved. 

Four days after the first dialysis the patient was 
again mentally confused and even violent; his condi- 
tion appeared to be critical. ‘The day after a second 
dialysis the urinary output was 1,240 ml. per twenty- 
four hours; thereafter, daily urinary output ranged 
from 2,000 to 3,000 ml. | 

While the patient was in the hospital two complica- 
tions developed: a wound disruption and staphylococ- 
cal enterocolitis. Two months after the accident he 
was discharged in good condition with normal blood 


urea. 
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Fic. 4. Case 1. A man with crush syndrome and oliguria. The rapid initial increase of blood urea and serum potassium 
was attributed to breakdown of proteins, probably from blood extravasation. A urinary output of 800 ml. per twenty- 
four hours was not sufficient to prevent the development of uremia in this patient. Each of two dialyses improved his 


clinical condition dramatically. 


Comment: In this patient, there was clinical im- 
provement after each dialysis. Susceptibility to 
infection with organisms resistant to the common 
antibiotics often is seen in patients with uremia. The 
delay in wound healing suggests that surgical sutures 
should be left in place longer than usual. 


Case ut. Anuria Following Operation (Fig. 5): The 
patient was a sixty-one year old woman who had been 
operated on for adenocarcinoma of the rectosigmoid 
junction. Radical operation with exenteration of the 
pelvis was performed and the ureters were trans- 
planted into an ileal pouch. After operation oliguria 
developed; the urinary output was less than 140 ml. 
per day, and uremia resulted. After five days of 
oliguria the blood urea rose to 81 mg. and the 
plasma creatinine to 5.4 mg. per 100 ml.; the CO, 
combining power fell to 17 mEq./L. She was very 
weak and hope of recovery was given up. 

She was then treated with the coil kidney for six 
hours. Her clinical condition improved, and the 
urinary output gradually increased to 1,930 ml. Blood 
values obtained six days after dialysis were normal 
except for a CO, combining power of 17 mEq./L. 
After a difficult thirty-three day convalescence she 
was discharged from the hospital in good condition. 
The urinary pouch was functioning satisfactorily. 
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Case 11. Patient with Anuria, Maintained for Sixty- 
three Days (Fig. 6): A fifty-seven year old housewife had 
her appendix removed because of pain in the right 
side of the abdomen. In retrospect she must have had 
pyelonephritis. After the operation oliguria developed 
leading to anuria, and the patient rapidly became 
hypertensive and disoriented. TIwitching developed 
and gradually increased in severity, culminating in 
generalized convulsions. At the time of her arrival 
at the Cleveland Clinic Hospital on the fifth day after 
the operation, she was cyanotic and unable to speak. 
The blood urea was 282 mg. per 100 ml., the CO>- 
combining power was 10 mEq./L. 

She was immediately treated with the artificial 
kidney. After dialysis it was easy to suppress the 
twitching with a small dose of amytal® sodium (amo- 
barbital sodium), which had not been effective 
before. Convulsions did not recur during the stay in 
the hospital. Diuresis never was restored; the largest 
output of urine was 45 ml. per twenty-four hours. 
She could be kept in tolerable clinical condition by 
dialysis every three days, but whenever the interval 
was increased to four days or longer the clinical 
symptoms of uremia increased in severity. The blood 
urea never was allowed to climb over 180 mg. per 
100 ml., and the plasma creatinine was maintained 
at a level of about 5 mg. per 100 ml. The patient’s 
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condition was tolerable but not good. She was unable 
to retain food most of the time, and she deteriorated 
mentally. ‘This may have been due in part to a spiking 
fever derived from the pyelonephritis, for which a wide 
variety of antibiotics had been given, and to the severe 
hypertension that occasionally necessitated adminis- 
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DAYS 
Fic. 5. Case u. A sixty-one year old woman who became 
oliguric and uremic after abdominoperineal sigmoid re- 
section. The patient’s starvation diet for a considerable 
time before dialysis accounts for the slight increase 
in blood urea during the period of oliguria. The relatively 
low blood urea of 81 mg. per 100 ml. does not at all re- 
flect the clinical seriousness of this patient’s condition. 
Her clinical condition did not improve and, because of an 
unpredictable loss of drainage fluid from large raw sur- 
faces, it was difficult to maintain balance of electrolytes. 
After one dialysis her clinical condition rapidly improved. 
This result supports the present trend to give a patient the 
benefit of dialysis before threatening blood chemical 
changes develop. 


tration of a ganglionic-blocking agent (2.5 mg. 
ansolysen intramuscularly). The blood pressure. 
gradually returned to normal levels. After the eighth 
dialysis hope was abandoned and dialysis was not 
repeated; she died twenty-six days after the last dialy- 
sis, on the sixty-third day after the onset of recognized 
renal failure. Necropsy revealed chronic glomerulone- 
phritis and superimposed acute necrotizing pyelo- 
nephritis of the right kidney. Nearly all glomeruli 
were destroyed. No damage of the arteriolar walls 
could be detected in any organ. 

Comment: ‘The course in this patient proves that life 
can be maintained for sixty-three days with the 
artificial kidney in the virtual absence of renal 
excretory function. There is no reason to doubt that 
life could have been further prolonged had dialysis 
been continued. 


Case 1v. Chronic Uremia Temporarily Improved: 
Acute pyelonephritis developed in a thirty-seven year 
old man in 1945. He worked regularly as a clerk until 
November 1955, when he was first hospitalized for 
anemia, edema of the feet and renal failure. The 
blood urea was 219; uric acid, 9.6; creatinine, 11.4 
mg. per 100 ml.; the CO» combining power was 10; 
chloride, 107; sodium, 138; potassium, 4.8 mEq./L. 
The daily urinary output ranged from 1,000 to 2,000 
ml. Since a medical regimen including a high-caloric, 
low-protein diet failed to improve the condition, the 
patient was treated with the coil kidney on February 
8, 1956. The blood urea level was lowered to 102 mg. 
per 100 mi. He gained in appetite and strength, and 
the urinary output increased to more than 2,000 ml. 
per day. He was discharged three days after the 
dialysis, with instructions to follow a _ high-caloric, 
low-protein diet, moderately restricted as to sodium, 
with ediol® (fat emulsion) 30 ml. three times daily and 
one 30 mEq. dose of sodium lactate daily. Except for 
two short periods of hospitalization for blood trans- 
fusions, the patient worked regularly for six months 
until August 20, 1956. At that time, chills, fever and 
pericarditis developed. He became oliguric and 
severely anemic. 

The patient was treated three more times with the 
artificial kidney, each time with excellent clinical 
results. Although vomiting was lessened and the pa- 
tient felt much better, renal function did not recover. 
He died thirteen days after the fourth dialysis. 

Necropsy report: Fibrinous pericarditis and severe 
chronic pyelonephritis (most of glomeruli were com- 
pletely hyalinized and the corresponding tubules 
showed severe atrophic changes). 

Comment: The course in this patient shows the possi- 
bility of temporary improvement and of a “‘new start”’ 
in the treatment of patients with chronic uremia, but 
it also shows the ultimate futility of all measures when 
damage to the kidneys is irreversible and the amount 
of remaining functioning renal tissue is too small to 
maintain life. 
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Fic. 6. Case mt. This fifty-seven year old woman was maintained for sixty-three days of virtual anuria, thus demonstrat- 
ing that the artificial kidney can replace renal excretory function. Convulsions stopped and did not recur after the first 
dialysis. The blood pressure, which at first was high, gradually returned to normal levels. Note the slower increase in blood 
urea during the latter course of anuria as the patient was gradually entering a chronic stage. Also note that with each 


dialysis the HCO;~ was improved. 


SUMMARY 


The results of treatment with the coil (dis- 
posable artificial) kidney in ninety dialyses in 
fifty-two patients described in this paper estab- 
lish this type of artificial kidney as a useful tool 
for the treatment of uremia. The prefabricated 
coil kidney is more convenient to set up and 
easier to use than any other type of artificial 
kidney yet devised, and is now commercially 
available. 

Of twenty-nine patients with acute renal fail- 
ure, fifteen recovered. Three more might have 
survived if the present concept of earlier dialysis 
had been fully applied to them. We now believe 
that a patient with severe trauma, crushing 
injury, fulminant infection or intoxication should 
be given the benefit of dialysis before chemical 
changes in the blood indicate impending danger. 
Such a patient may have to be dialyzed every 
two or three days. 

Of twenty-three patients with chronic renal 
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failure, thirteen were in improved condition 
when they were discharged from the hospital. 

Among the symptoms and signs of uremia that 
improved during or after dialysis were twitching, 
convulsions, disturbances in sensorium, vomiting 
and Kussmaul respiration. Changes in blood 
pressure during dialysis could not always be 
avoided. Decreases in blood pressure, when 
they occurred, were controlled by transfusion 
of small amounts of blood. Increases in blood 
pressure, when they occurred, sometimes re- 
quired the administration of a ganglionic-block- 
ing agent. In five of six patients with intractable 
hypotension before dialysis, the increase in 
arterial pressure during dialysis was beneficial 
and could be maintained. 

Hemorrhages due to heparin caused no serious 
problems in this series. (Nasal administration of 
oxygen and manipulation of other tubes through 
the nose should be avoided.) Electrolytes were 
corrected in a manner that could be pre- 
determined by the composition of the rinsing 
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fluid; the use of standardized rinsing fluids 
proved satisfactory. 

Urea clearance rates were determined during 
eleven dialyses at flow rates of 200 ml. per min- 
ute. The average clearance of 105 ml. per min- 
ute was lower than that found experimentally 
(130 to 140 ml. per minute). Larger blood flows, 
up to 340 ml. per minute, have recently been 
used, with an increase in clearance After dialysis 
a decrease of urinary output was insignificant in 
the patients with acute uremia but was pro- 
nounced in some of the patients with chronic 
uremia. 

The rate of ultrafiltration with the coil kidney 
approximates 300 ml. per hour of dialysis but it 
can be increased to 700 ml. Ultrafiltration 
is considered advantageous as most patients 
with uremia are edematous. 

Four typical case reports are presented: (1) A 
man in acute uremia due to crush syndrome, 
whose clinical condition improved after dialysis. 
(2) A woman with anuria following an exten- 
sive abdominoperineal operation in whom early 
dialysis facilitated management. (3) A woman 
who was maintained for sixty-three days of 
virtual anuria; the course in this patient proves 
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that the artificial kidney can replace excretory 
renal function amazingly well. (4) A man with 
chronic uremia who after a single dialysis was 
restored to useful life for six months. The course 
in this patient demonstrates the possibility of 
worthwhile temporary improvement with one 
dialysis, but it also demonstrates the ultimate 
impotence of all measures in chronic renal 


disease. 
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Characteristics of Leukocytes in the Urine 
Sediment in Pyelonephritis’ 


Correlation with Renal Biopsies 


K. PETER POIRIER, M.D. and GEORGE GEE JACKSON, M.D. 


Chicago, Illinois 


infections of the urinary tract in the absence 
of acute symptoms and prior to the development 
of renal insufficiency is a difficult and important 
clinical problem. It is likely that the most impor- 
tant clues in this respect will be found in the 
urine, despite the statement of Thomas Fuller, 
‘*. | . reasons drawn from the urine alone are as 
rigid as the urinal’ [7]. It is likely also that the 
most reliable evidence of significant infection is 
the inflammatory response of the host. 

In 1951 Sternheimer and Malbin [2] reported 
on the clinical recognition of pyelonephritis by 
means of a new stain for urinary sediment. 
Through the application of this staining technic 
the authors found a correlation between the 
occurrence of pale-staining, vacuolated leuko- 
cytes that showed random (Brownian) move- 
ment of their cytoplasmic granules and the 
presence of advanced pyelonephritis. These 
leukocytes occurring in the urine have become 
known as “‘granular motility cells’? or “‘glitter 
cells.”” The histologic proof of pyelonephritis in 
the investigation noted was obtained from autop- 
sies, and although the correlation was valid it 
was necessarily limited to patients who had suf- 
fered from advanced renal disease and who had 
had impaired renal function during the period of 
clinical study. It would obviously be important 
to be able to diagnose renal infection before it 
was so far advanced. 

The present studies concern the character- 
istics of leukocytes in the stained wet urine 
sediment of persons with infected urine and 
correlation of the findings with the histology of 
the kidney in specimens obtained from the pa- 
tients by percutaneous renal biopsy. Three dis- 
tinct morphologic types of leukocytes were 


4 re identification of persons with significant 


observed in the urine. Active renal parenchymal 
inflammation was accompanied by urine sedi- 
ments that contained two varieties of leukocytes 
which differed only by the presence of Brownian 
movement of the cytoplasmic granules. 


MATERIAL AND METHODS 


The urine specimens were obtained from female 
patients by sterile catheterization. Samples of voided 
urine were collected from men after careful cleansing 
of the urethral meatus. Fifteen ml. of the urine were 
centrifuged and the packed sediment resuspended in 
0.5 ml. of the supernatant urine. Two or three drops 
of the safranine and gentian violet stain described by 
Sternheimer and Malbin [2] were added and the 
sediment placed under a cover slip on a clean glass 
slide. The preparation was examined immediately. 
All the urinalyses were performed by one of us or a 
single technician trained in the technic 

The procedure for renal biopsy and the methods of 
bacteriologic and histologic study have been reported 
previously [3,4]. The pathologic diagnosis was made in 
cooperation with Dr. Frederick Dallenbach of the 
Department of Pathology by independent examina- 
tion of the fixed sections stained with hematoxylin and 
eosin. The histologic abnormalities evaluated in ar- 
riving at the diagnosis of pyelonephritis were leuko- 
cytes or “‘colloid’’ in the tubules, infiltration of the 
interstitial tissues with inflammatory cells, invasive 
glomerulitis, interstitial and periglomerular fibrosis 
and the general microscopic architecture of the kid- 
ney. Other coexisting pathologic lesions were always 
noted when they were present. 

All the patients were admitted to the hospital for 
study and for renal biopsy; their observation was con- 
tinued in the outpatient department. Infected urine 
was the only characteristic in common among the 
patients from whom a renal biopsy was obtained. 
Some patients had no symptoms of urinary tract 
infection; a few had recent episodes of clinical acute 
pyelonephritis, and most patients had had chronic or 


* From the Research and Educational Hospitals and the Department of Medicine, University of Illinois College of 
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recurrent symptoms related to the urinary tract. 
Urinalyses were performed in other patients for pur- 
poses of comparison, and some hospital patients were 
examined in order to obtain pus from wounds and 
blood for a comparative study of leukocytes. 
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Fic. 1. Morphology of leukocytes in urines of different 
specific gravity (124 urinalyses from seventy-one patients 
with pyuria). 


RESULTS 


Properties of Leukocytes in the Urine. Polymor- 
phonuclear leukocytes in the urine sediment 
were observed with regard to their size, staining 
characteristics and the presence of motility of 
their cytoplasmic granules. Upon the basis of 
their staining properties two distinct varieties 
of granulocytes could be recognized, as follows: 
(1) A dark-staining cell the nucleus of which 
was a reddish purple and the cytoplasm which 
was colorless to pink. The cytoplasmic granules 
in this type of cell were fairly coarse and never 
showed motility. (2) A pale-staining cell the 
nucleus of which was colorless or pale blue, less 
distinct than in the previously mentioned cell, 
and the cytoplasm was colorless or a faint blue 
with fine granules. The larger size of this cell 
and of its nucleus gave it a swollen appearance in 
some urine specimens. 

Motility of the cytoplasmic granules occurred 
only in pale cells. When fully developed it was a 
striking phenomenon, and the rapid random 
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movement gave the cell a glittering appear- 
ance. When cells from many different urine 
sediments were examined great variation in the 
intensity of the motion was observed. In some 
specimens all the pale cells uniformly showed 
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DARK - Cytoplasm: pole or pink Pink 
orey Nucleus: red to purple Dark- purple 
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Motility: absent Absent 
Size “Swolien’ Markedly smoiler 
PALE- Cytoplosm: pole Pale 
STAINING Nucleus pole to bluish Light-bliue 
CELLS Granules fine, siote-gray Coorser 
Motility: present Absent 


Fic. 2. Microscopic characteristics of leukocytes in urine. 


vigorous granular movement; in other specimens 
the motion was slower and less obvious, or could 
be seen only faintly in a few cells; occasionally 
it was limited to a focal area in the cytoplasm; 
and finally, in a number of specimens no gran- 
ular motility at all could be detected in the pale- 
staining cells. Throughout the entire scale of 
transition from motility to non-motility, the 
staining characteristics of the pale cells remained 
essentially unchanged and always distinct from 
those of the dark-staining cells. ‘The pale granu- 
locytes with non-motile granules were slightly 
smaller than those with granular motility. Com- 
monly, both dark- and pale-staining cells were 
observed in the same urine specimen. 

Leukocyte Properties and Specific Gravity. For 
purposes of analysis, pale cells with granular 
motility, regardless of the degree, were dis- 
tinguished from pale cells with non-motile gran- 
ules and from dark-staining cells. Figure 1 
illustrates the occurrence of granulocytes with 
the foregoing three characteristics observed in 
124 urine samples, in relation to the specific 
gravity of the urine. Dark-staining leukocytes 
occurred in urines with various specific gravities 
within the physiologic range. Granular motility 
in pale-staining cells was observed only in urine 
specimens with a specific gravity of 1.019 and 
less. With few exceptions, the pale cells with the 
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Fic. 3. Staining of leukocytes in relation to the degree of pyuria and the concen- 


tration of the urine. 


non-motile granules occurred when the specific 
gravity of the urine was 1.015 or higher. 

That differences in the relative concentration 
of electrolytes and crystalloids in the medium 
were determining factors for granular motility 
was supported by adding enough sodium chlo- 
ride to a sample of urine to raise the specific 
gravity to 1.022. The initial specimen, which had 
a specific gravity of 1.007, contained pale leuko- 
cytes with vigorous granular motion. After the 
specific gravity was increased the sediment was 
stained and no granular motility was observed, 
although the pale-staining properties of the cells 
remained. Another aliquot of this urine was 
centrifuged and the sediment was resuspended 
in a solution of potassium chloride with a specific 
gravity of 1.008. No granular motility was pres- 
ent after staining the cells sedimented from this 
preparation even though the specific gravity 
approximated that of the natural urine. To an- 
other sample glucose was added until the specific 
gravity was 1.024. Granular motion was di- 
minished but still present. In none of these 
preparations were the staining characteristics 
of either dark or pale cells significantly altered, 
and the ratio of the two types remained nearly 
constant. Figure 2 schematically summarizes the 
foregoing features. 

Clinical Observations. ‘The urine sediments 
obtained from patients with pyuria contained 
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either both pale- and dark-staining granulocytes 
of varying ratio to one another, or only dark- 
staining cells. Sediments with only pale cells were 
uncommon. 

Because motility of the cytoplasmic granules 
was dependent upon the composition of the 
urine the staining characteristics of the leuko- 
cytes were considered more meaningful in the 
early stages of renal disease. To evaluate the 
significance of the pale cells they were considered 
as a single group, whether or not the granules 
were motile, and dark-staining cells were dis- 
regarded when pale cells were present in the 
same specimen. 

In Figure 3 the staining properties of the 
leukocytes and the specific gravity of the urine in 
which they occurred are plotted with respect to 
the magnitude of the pyuria. The number and 
distribution of pale cells were random with 
regard to the specific gravity of the urine. With 
high degrees of pyuria, pale cells were almost 
invariably present regardless of the specific 
gravity of the urine. This suggested a relation- 
ship of pale cells to inflammation which was 
independent of the rate of urine flow. On the 
other hand, the maximum number of dark- 
staining cells was limited in a linear fashion by 
the concentration or dilution of the urine, which 
suggested a dependence upon the rate of urine 
excretion since the staining characteristics of 
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Fic. 4. Correlation of biopsy data and pyuria among twenty-one patients with 
pyelonephritis and eleven patients with normal kidneys. 


the leukocytes were not materially altered by the 
specific gravity of the urine. In urines with low 
degrees of pyuria many of the pale-staining cells 
were of the type without granular motility. 
(Table 1.) 


TABLE I 
LEUKOCYTE CHARACTERISTICS WITH VARIABLE DEGREES 
OF PYURIA 
Degree of Pyuria 
(no. white blood cells 
per high power field) 
Data 
<10 10-50, >50 
Number of urinalyses.......... 78 33 13 
Number with pale cells... ..... 28 26 13 
Per cent with pale cells........ 36 79 100 
Per cent pale cells with non- 
motile gramules.........:. 47 27 15 


Pale Cell Pyuria and Pyelonephritis. The stain- 
ing characteristics of urinary leukocytes and the 
findings in the biopsy specimens are shown in 
Figure 4. The 119 urinalyses shown in this graph 
stem from thirty-two patients, all of whom had 
one or more renal biopsies. The data are ar- 
ranged in pairs of columns correlating the pale 
cells in the urine sediment with the presence of 
pyelonephritis in biopsy specimens. The term 
‘pyelonephritis’ indicates all stages of classic 
pyelonephritis as well as evidence of infection of 


the renal parenchyma associated with rena! 
disease of other etiologies. 

Among the thirty-two patients from whom 
biopsy specimens of the kidney were obtained, 
an unquestionable diagnosis of pyelonephritis 
was made in twenty-one. The biopsy specimens 
from eleven patients were normal or the changes 
were insufficient to warrant the diagnosis of 
pyelonephritis. On the average, twice as many 
urinalyses were performed in the group with 
pyelonephritis. 

The data indicate that all degrees of pyuria 
may occur in the presence of active chronic pye- 
lonephritis. Massive pyuria, 30 white blood cells 
per high power field or more, was observed only 
in conjunction with pyelonephritis, but it was 
encountered on the average in only one of four 
urinalyses from these patients. With low degrees 
of pyuria, pale cells were not invariably present; 
however, ten of thirteen patients with pyelo- 
nephritis established by biopsy, who were 
observed to have only dark-staining cells in one 
urine specimen, exhibited pale cells in other 
urine specimens. The remaining three had only a 
single urine examination. 

Among eleven patients without evidence of 
pyelonephritis in the biopsy specimens (columns 
3 and 4, Figure 4), the urine sediment contained 
only dark-staining cells, with the exception of 
four urine specimens from four patients. It is 
remarkable, however, that in all four of these 
patients there was clinical evidence of renal 
infection. In one case a febrile illness with mas- 
sive pyuria had occurred one month prior to the 
biopsy; in another patient there was a deformity 
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of the calyceal system localized to the upper pole 
of one kidney as demonstrated by a roent- 
genographic pyelogram. The remaining two 
patients with minimal pale cell pyuria (2 white 
blood cells per high power field) at the time of 
observation had a history of urinary symptoms 


TABLE 
PER CENT PALE-STAINING LEUKOCYTES 


Pooled 
Blood, Venous Buffy | 
Hours of | Direct to | Blood, Coats | Ao ear 
Incubation Salt Hepa- from Fistul 
Solution  rinized Oxalated 
| | Blood | 
0 92 | 89 35 
24 83 | 61 18 37 
48 ] 
72 22 
and repeated genitourinary instrumentation 


extending over more than three years. In both 
these biopsy specimens minor abnormalities were 
noted. Thus making allowance for the possibility 
of unrepresentative biopsies, pale cells were 
found in the urine of twenty-two patients, eigh- 
teen of whom were proved by biopsy to have 
pyelonephritis and four of whom had clinical 
evidence but no histologic proof of the disease. 
Seven patients without pyelonephritis did not 
have pale leukocytes in the urine. 

Successful renal biopsy invariably was fol- 
lowed by a short episode of hematuria of varying 
degree; therefore urinalyses performed after 
biopsy were not tabulated in the aforementioned 
diagram. Granulocytes thai were conveyed from 
the blood stream into the urine by trauma to the 
kidney were found to be of the pale-stain- 
ing variety regardless of the histologic renal 
diagnosis. 

Comparison of Leukocytes in Urine, Blood and Pus. 
The supravital staining characteristics of leuko- 
cytes in the blood stream were observed for com- 
parison. Venous blood added to isotonic Hank’s 
balanced salt solution immediately after aspira- 
tion and then supravitally stained contained 92 
per cent pale-staining granulocytes and 8 per 
cent dark cells. Leukocytes from the buffy coat of 
venous blood which was collected and centri- 
fuged in siliconized glassware and resuspended 
in balanced salt solution showed 89 per cent pale 
cells and 11 per cent dark-staining leukocytes. 
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The buffy coats aspirated frorn 15 to 20 hemato- 
crit tubes prepared from venous blood drawn 
into “‘double oxalate’? were pooled and exam- 
ined in the same manner. Under these conditions 
only 26 per cent of the granulocytes were pale, 
74 per cent were dark-staining. 
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The supravital staining properties of fresh 
pus obtained from an infected fistula caused by a 
foreign body was observed to consist of 55 per 
cent pale cells and 45 per cent dark cells. All the 
granulocytes were found to be of the dark-stain- 
ing variety in secretion expressed from the closed 
stump of an amputated limb that was not 
inflamed. 

In Vitro Changes in Leukocyte Staining. Leuko- 
cytes that were present in fresh and oxalated 
blood and those found in pus from an inflamed 
wound were suspended in balanced salt solution 
and stored in a refrigerator. The percentage of 
pale-staining cells decreased uniformly in all the 
specimens, with a corresponding increase in 
dark-staining cells, as shown in Table n. 

The data from Table 1 can be represented by 
a curve, as shown in Figure 5, which illustrates 
the observed transition of pale into dark-staining 
cells. Lysis of pale cells did not appear to account 
for the increased proportion of dark cells. 
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Rather the transition appeared to be a true one 
and it was considered to be related to the process 
of aging. 


COMMENTS 


Brownian movement of the _ cytoplasmic 
granules in polymorphonuclear leukocytes was 
observed by dark field microscopy in 1908, and 
in the following year it was correlated with the 
presence of pyelonephritis or renal abscess 
as opposed to the findings in cystitis |5|. Stern- 
heimer and Malbin [2] described the granular 
motility cell as well as a smaller blue-staining 
cell with non-motile granules. Their clinical 
correlation, however, was made only for the 
former type cell which was observed in the urine 
sediment of all patients who had pyelonephritis 
at autopsy. Further observations indicated the 
importance of the composition of the urine, 
especially osmotic factors, in producing the char- 
acteristics seen in the granular motility cell. 
The conclusion was reached that the appearance 
of these cells in the urine invariably denoted a 
combination of an inflammatory process in the 
urinary tract with renal functional damage. The 
sediment stain has been employed in several 
investigations since that report, but because of 
the prior orientation attention was given only to 
cells with granular motility, and only this 
criterion was accepted as an indication of 
pyelonephritis. 

Almost no emphasis has been placed upon the 
significance of the differential staining character- 
istics of urinary pus cells irrespective of granular 
motility, although this was suggested also by 
Berman et al. [6], and the gradual transition 
from granular motility to non-motility in the 
pale-staining cells has not been described. The 
fact that a single urine specimen often contains 
pus cells of both the dark-staining and the pale 
blue-staining variety simultaneously indicates 
that the staining characteristics of individual 
granulocytes are, at least in part, independent of 
the medium. This was corroborated by labora- 
tory observations. Granular motility, on the 
other hand, was altered by changes in the sus- 
pension medium in vitro; and in urine the 
phenomenon was observed only in specimens 
within the lower range of specific gravities. Clini- 
cal experience further showed that consecutive 
urine specimens taken from the same patient 
might alternately contain motile and non-motile 
pale-staining granulocytes. 

Other workers have observed that the critical 
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osmolarity for granular motility is approximately 
600 mOsm./L. and motility can be inhibited by 
higher concentrations [6]. Osmolarity is only 
crudely reflected by specific gravity of the urine 
but nevertheless the specific gravity of the urine 
served to establish the correlation with granular 
motility observed in our data. That the total 
osmolarity is not an isolated single factor in 
determining granular motility can be concluded 
from the variation among different solutes in 
their power to inhibit motility. Electrolytes 
particularly differ in this regard, and it is likely 
that the intracellular ionic concentration and 
equilibrium gradients across the cell membrane 
are determining factors in respect to the motion 
of cytoplasmic granules. Decreased viscosity of 
the cytoplasm might be the net effect of the fac- 
tors that induce motion |7). 

Consideration of the two factors suggests to us 
that the staining behavior of the cells is the more 
significant criterion for distinguishing two differ- 
ent entities among the granulocytes in the urine. 
Motility of the cytoplasmic granules is a variable 
characteristic which reflects only certain proper- 
ties of the suspension medium. Therefore we 
consider that the finding of pale-staining cells, 
without regard to the pressure or absence of 
granular motility, is more significant than the 
presence of granular motility cells. 

The pale-staining leukocyte has been con- 
sidered a degenerative form of granulocyte 
derived from the blood | 2,8}. Data presented here 
suggest that actually it is a younger cell than the 
dark-staining leukocyte and indeed it might be 
quite representative of circulating leukocytes. 
Approximately 90 per cent of the granulocytes 
in freshly drawn blood had similar pale-staining 
characteristics as did also those in the urine 
sediment during microhematuria. The ageing of 
leukocytes, from’ blood, pus or urine, in isotonic 
balanced salt solution resulted in a progressive 
change to dark-staining cells. 

Observations on incubated pus cells were 
reported as early as 1925 by Seyderhelm [9] 
who used a supravital stain consisting of Congo 
red and trypan blue. The findings were inter- 
preted as showing that aged cells allowed the 
colloidal stain to penetrate the membrane and 
stain the cell. Cell death was recognized by deep 
staining of the nucleus. Failure to stain with 
trypan blue is also characteristic of the pale cell 
herein described. Hence the cell membrane of 
the pale cell is relatively intact, even though 
this may not be the primary cause for failure of 
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the cell to stain with gentian violet and safranine, 
which are both basic dyes |/0|. The total con- 
version from pale- into dark-staining cells in 
incubated pus took only a few hours [9]. Our 
observations on cells incubated in a balanced salt 
solution relatively free of protein required con- 
siderably longer periods for similar conversion. 
It might be that proteolytic enzymes in the 
inflammatory exudate accelerate the reaction 
whereas urine more nearly resembles the salt 
solution. In the kidney, owing to the urine flow, 
migratory leukocytes may be excreted more 
rapidly and with less alteration than from other 
sites of deep inflammation in which secretions 
and edema fluid comprise the excretory medium. 
Similarly, pus obtained from clinically inflamed 
wounds differed from that in old uninflamed 
lesions by the higher proportion of pale cells. The 
pale-staining leukocyte in any secretion therefore 
might be considered a manifestation of acute or 
active inflammation. This explains its presence 
in the urine in pyelonephritis rather than in 
association with a lower urinary tract infection, 
an empiric observation to which there will be 
exceptions. 

Some additional support for the thesis that 
associates pale-staining cells with inflammation 
can be drawn from the occurrence of each cell 
type in relation to the degree of pyuria and the 
specific gravity of the urine. (Fig. 2.) The num- 
ber of cellular elements in a given volume of 
urine depends at least in part upon the relative 
rates of exudation and urine secretion. In the 
absence of an active inflammatory process the 
maximal number of cells per volume of urine 
should vary with the specific gravity, as was 
found true for dark-staining cells but not for pale 
cells. An active inflammatory lesion may gener- 
ate a sufficient number of leukocytes to obscure 
the relationship, as was observed in the case of 
pale-staining cells. 

If the pale cell is truly a sign of pyelonephritis 
or of an active inflammatory process, two prac- 
tical conclusions can be drawn from the analysis: 
(1) With marked pyuria in urine of low specific 
gravity the leukocytes are invariably pale-stain- 
ing cells. This finding in itself may be diagnostic 
of pyelonephritis. (2) Pale-staining cells may 
have great diagnostic significance in the early 
and subacute stages of chronic pyelonephritis 
in which less marked pyuria occurs in urine of 
high specific gravity, but in these instances the 
pale cells have non-motile cytoplasmic granules. 

The correlation between the renal biopsy 
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diagnosis and the staining behavior of the white 
cells in the urine sediment is important with 
regard to the question of whether or not pale- 
staining cells are of renal origin and indicate 
active inflammation. Perhaps the most impor- 
tant justification for scrutiny of this aspect of 
the investigation is that the degree of pyuria, 
per se, was found to be an unreliable guide to the 
presence of active chronic pyelonephritis, as 
were the patients’ symptoms and qualitative 
bacterial cultures of the urine. 

In our material pale cells were noted in the 
urine of all patients with pyelonephritis when 
repeated urinalyses were performed, but were | 
noted in only 66 per cent when only a single 
random urinalysis was obtained; in other words, 
in two of three urinalyses per patient. Marked 
pale cell pyuria was encountered, most often in 
patients in whom renal biopsy showed significant 
infiltration of the interstitial tissue spaces with in- 
flammatory cells. 

Biopsy evidence of pyelonephritis was ob- 
tained in a few cases without pale cell pyuria in 
the urine specimens examined. In this group 
there were two patients with typical end-stage 
kidneys due to “‘chronic healed pyelonephritis” 
according to the classification of Weiss and 
Parker [70]. In four patients the urine specimens 
which were negative for pale cells were en- 
countered after recent antibiotic therapy, and in 
other cases the disease was mild. It has been a 
common experience that treatment with an anti- 
biotic reduces the degree of pale cell pyuria 
and that exacerbation or superinfection is ac- 
companied by a sudden increase in the number 
of pale cells. Patients without pyelonephritis 
rarely excreted pale cells in the urine even 
though they exhibited pyuria and infected urine. 

The absence of histologic evidence of pyelo- 
nephritis in a biopsy specimen does not exclude 
focal disease, and the finding of pale cell pyuria 
among a few such patients should be expected 
and is not incompatible with the meaning given 
to pale cells. Similar cells may enter the urine 
from the vagina, or with whole blood, and un- 
doubtedly from the lower urinary tract upon 
occasion. Proper interpretation promises earlier 
and more accurate diagnosis of pyelonephritis. _ 


SUMMARY 


In a study of patients with infected urine who 
were shown by needle biopsy of the kidney to 
represent all stages of pyelonephritis, the gentian 
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violet and safranine stain described by Stern- 
heimer and Malbin [2] was employed routinely 
to study the urine sediment. A correlation was 
found between renal parenchymal inflammation 
and the presence in the urine sediment of leuko- 
cytes with pale-staining characteristics. 

Granular motility was found to be dependent 
upon the composition and osmolarity of the 
urine and occurred irregularly in pale-staining 
granulocytes. It was most striking in urines of 
low specific gravity. Various solutes added in 
increasing concentrations to the suspension 
medium differed in their capacity to inhibit 
granular motility. 

The observations appear consistent with the 
hypothesis that pale cells in the urine usually 
come from the kidney and reflect the presence 
and, to some extent, the degree of acute inflam- 
mation present at the time of the examination. 
If this interpretation is correct vital granulocytes 
from the inflamed kidney rapidly appear in the 
urine, exhibiting only minor alteration of their 
staining characteristics. Granular motility is of 
incidental importance. Application of this con- 
cept was found to improve the validity of the 
clinical diagnosis of pyelonephritis as established 
by biopsy specimens from the kidney. 

In the early stages of pyelonephritis, when the 
concentrating power of the kidney has not yet 
been jeopardized, the staining properties of the 


white blood cells in the urine sediment are of 
particular significance in diagnosis whereas 
the criterion of granular motility seems less 
important. 
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Studies of Hyperuricemia Produced 
by Pyrazinamide’ 


James H. CuLLEN, M.D., Mitton LEVINE, M.D. and JOHN M. Fiore, M.D. 
Albany, New York 


HE use of pyrazinamide in the treatment of 

pulmonary tuberculosis was first reported by 
Yeager et al. [7] in 1952. They noted the occur- 
rence of pain and restricted joint motion without 
redness, swelling or tenderness in one-fourth of 
the patients they treated. Pyrazinamide was used 
in dosages varying from 2.8 to 8.4 gm. a day and 
the joint symptoms seemed to occur when the 
larger dosage regimens were used. Campagna 
and his co-workers [2], using the combination of 
pyrazinamide with isoniazid, also noted joint 
pains that were not accompanied by redness and 
swelling. 

The occurrence of clinical gout in patients re- 
ceiving chemotherapy for tuberculosis led us to 
investigate the possibility of an association be- 
tween the gout and the antituberculous therapy 
the patients were receiving. As previously re- 
ported [3] we found that the serum uric acid 
was elevated in patients receiving pyrazinamide 
but not in patients being treated with other ant- 
tuberculous drugs. This hyperuricemia was 
accompanied by a decreased urinary output of 
uric acid. Most patients tested were receiving 
isoniazid in addition to pyrazinamide. The 
serum uric acid was normal in those receiving 
isoniazid without pyrazinamide. The few pa- 
tients examined, who were on a regimen of 
pyrazinamide without isoniazid, had serum uric 
acid levels at or just above the upper limit of 
normal. This led us to wonder if the isoniazid 
enhanced the hyperuricemic effects of pyra- 
zinamide. However, it was also noted that four of 
five patients who received pyrazinamide without 
isoniazid were receiving PAS (p-aminosalicylic 
acid) in addition to other antituberculous drugs. 
(The fifth patient had an elevated uric acid on 
subsequent examination.) The less spectacular 
rise in the serum uric acid in these patients sug- 
gested the possibility that PAS retarded the 
elevation of the serum uric acid, possibly by 


acting as a uricosuric agent. It cast into doubt 
the notion that isoniazid enhanced the hyper- 
uricemic effect of pyrazinamide. 

It was in arder to unravel the effects on the 
serum uric acid of these three antituberculous 
drugs, pyrazinamide, isoniazid and PAS, that 
the present study was undertaken. In addi- 
tion it was thought that it might be profita- 
ble to determine whether probenecid could 
prevent or correct the hyperuricemia produced 
by pyrazinamide. 


METHODS 


The subjects selected for this study were ambulatory, 
hospitalized, male patients varying from twenty-three 
to sixty-eight years of age who did not have arthritis or 
findings suggestive of gout. Patients with evidence of 
renal or hepatic disease were excluded from the study. 
A negative cephalin flocculation test and a normal 
urine and non-protein nitrogen were minimal labora- 
tory requirements for inclusion in the study. None of 
these patients were receiving any uricosuric agents 
except for an occasional aspirin tablet. The experi- 
ments were performed on six different groups of 
patients. Except for five tuberculous patients already 
on long-term therapy with pyrazinamide and 
isoniazid, and two patients who had been treated for 
tuberculosis in the past, these subjects were free of 
tuberculosis and were on the general medical wards. 
The five patients receiving long-term pyrazinamide- 
isoniazid therapy were used in the experiments to 
determine the effect of PAS and probenecid in persons 
already receiving pyrazinamide for many months. 
Three of these patients with tuberculosis were the only 
individuals used in more than one study. A new sub- 
ject was added when the probenecid study was carried 
out to replace one no longer available for study. 

The drugs were used in the following daily dosages: 
pyrazinamide, 3 gm.; isoniazid, 300 mg.; PAS, 12 gm. 
given in solution as the sodium salt, and probenecid, 
2 gm. At first the drugs were changed at weekly 
intervals. Because it was feared that some uric acid 
changes might not have reached their peak within 
seven days, the first two studies were repeated chang- 
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_ Fic. 1. Changes in the uric acid serum level and in the urinary output following administra- 
tion of pyrazinamide (PZA) with later addition of isoniazid (INH). 


ing the drugs at two-week intervals. Since it was found 
that the peak changes had occurred by the seventh 
day, the combined results are presented. 

All patients were maintained on the regular hospital 
diet. A fasting blood specimen was obtained in the 
morning approximately sixteen hours after the last 
dose of medication. The serum was immediately 
separated and frozen. Urine specimens were collected 
in bottles containing sodium hydroxide pellets to 
maintain an alkaline state. Since the patients were 
ambulatory there was considerable concern about the 
reliability of the urine specimens. As a further check 
on the accuracy of the twenty-four-hour urine vol- 
umes, urinary creatinine determinations were made on 
a total of eighty-two specimens. In each subject the 
twenty-four-hour creatinine output was within 15 
per cent of the mean in 68 per cent of the specimens. 

The uric acid concentration of the serum and urine 
was determined by the method of Dubbs et al. [4] 
using the enzyme uricase and the Beckman DU 
spectrophotometer. As found in the previous study, the 
determination of serum uric acid concentration was 
unaffected by the in vitro addition of pyrazinamide or 


isoniazid. Inulin clearances were determined by the 


method of Alving and Miller [5]. 


RESULTS 


Effect of Pyrazinamide and Subsequent Addition of 
Isoniazid. Figure 1 shows the effect of pyrazin- 
amide on the serum uric acid level and twenty- 
four hour urinary output. It also shows the lack 
of effect of the addition of isoniazid on the— 
hyperuricemia produced by pyrazinamide. The 
same basic scheme is used in all the figures to be 
presented. In the upper part of the figure is the 
serum uric acid concentration in mg. per 100 
ml. and in the lower part is the twenty-four hour 
urinary output of uric acid in mg. The vertical 
bars represent the entire spread of values of all 
the subjects on any one day, and the open circles 
along the vertical bars are the individual values 
obtained in each patient on that day. The heavy 
eraph line connects the mean value of each day’s 
results. The vertical lines dividing the figure into 
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Fic. 2. Changes in the uric acid serum level and in the urinary output following administra- 


tion of PZA plus INH then stopping INH. 


sections indicate the time at which various drugs 
were started or stopped. 

In Figure 1 it is seen that during the control 
period, presented to the left of the first vertical 
line, the mean serum uric acid level was about 
4.5 mg. per 100 ml. and the twenty-four hour 
urinary output 400 to 500 mg. Pyrazinamide was 
started at the point indicated by the first vertical 
line. The urinary output of uric acid had fallen 
to 100 to 150 mg. by the second day. The serum 
uric acid rose more slowly, reaching a peak aver- 
aging slightly over 9 mg. per 100 ml. by the 
fifth to seventh day. Isoniazid was started at the 
point indicated by the second vertical line, the 
pyrazinamide being continued. There was no 
significant change in either the serum uric acid 
level or in the urinary output. After both 
pyrazinamide and isoniazid were discontinued 
at the point indicated by the third vertical line, 
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the urinary output rose to 600 mg. of uric acid 
by the third day and the serum uric acid re- 
turned to the control level by the fourth day. 

Inulin clearances were performed in two pa- 
tients in this group, after they had been on both 
pyrazinamide and isoniazid for eight days, and 
were repeated nine days after both drugs had 
been discontinued (by which time the serum and 
urinary uric acid values had returned to nor- 
mal). The glomerular filtration rate did not 
change significantly. In one subject the rates 
were 102 cc. and 100.5 cc., respectively, and in 
the other 149 cc. and 138 cc., respectively. 

Effect of Pyrazinamide plus Isoniazid and Subse- 
quent Stopping of Isoniazid. Figure 2 shows the 
effect of the combination of pyrazinamide and 
isoniazid on the uric acid level of the serum and 
urine. After pyrazinamide plus isoniazid was 
started, the serum uric acid reached a peak by 


14 
13 
O 
9 
? 
| 
ms 
| 
| | g 
| 
| | 
| | 
700 4 | | 
| 9 
? 
500 | | 
| 
400 | | 
300 | } 
| | 
7TO Y 2 
INH STOPPED 'PZA STOPPED 


590 Hyperuricemia Produced by Pyrazinamide—Cullen et al. 


ACID =-mg/100 mt 


SERUM URIC 


OUTPUT 


URINE 


UF VRIC- ACID mg 


24 HR 


: 


32:3 


CONTROLIPAS+iNH 
PERIOD STARTED 


PZA ADDED 


9 10 1112 1314 34 


7 

PAS PZA 
STOPPED 


STOPPED STOPPED 


DAYS 


Fic. 3. Changes in the uric acid serum level and in the urinary output when para-amino- 


salicylate (PAS) is given before PZA. 


the fifth day and then settled to an average of 
9 mg. per 100 ml. of serum. The urinary output 
of. uric acid fell immediately to 100 to 200 mg. 
in twenty-four hours. When the isoniazid was 
discontinued there was no significant change in 
either the serum uric acid or the urinary output. 
After the pyrazinamide was stopped the urinary 
output immediately rose, but the serum level 
took two to three days to return to the pretreat- 
ment value. There was no evidence in this or 
the previous experiment, presented in Figure 1, 
that isoniazid enhanced the hyperuricemic 
effects of pyrazinamide. 

Effect of Addition of Pyrazinamide to PAS plus 
Isoniazid. ‘Three patients were started on PAS 
and isoniazid after control values had been 
obtained. The serum and urinary uric acid 
remained unchanged. When pyrazinamide was 
given in addition to the other two drugs, one 
person responded, as in the previous two studies, 
with a rise in the serum uric acid to 9.5 mg. and a 


fall in urinary uric acid output. When the PAS 
was discontinued in this person there was no 
significant change in the blood or urinary find- 
ings during the next two weeks that pyrazin- 
amide was continued. 

The results in the other two patients in this 
group are shown in Figure 3. When pyrazinamide 
was added to these other two drugs the serum 
uric acid rose from an average of about 3.5 mg. 
per 100 ml. to 5 mg. per 100 ml. The urinary 
output of uric acid fell only slightly. Then PAS 
was discontinued. The serum uric acid did not 
rise until about seven days after PAS was 
stopped, and took three more days to reach its 
peak. The urinary output fell still further. 
When pyrazinamide was finally discontinued the 
uric acid values returned to the control level. 
In view of the previous studies it is not believed 
that the discontinuation of isoniazid seven days 
after the PAS was stopped had any significant 
effect on the serum or urinary uric acid. At the 
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Fic. 4. Changes in the uric acid serum level and in the urinary output when PZA is given 


before PAS. 


time we did this study we thought we could stop 
each drug a week apart without any overlap of 
their effects. However, when the results were 
obtained we found that the PAS effect persisted 
beyond seven days. In two of three subjects tested 
PAS suppressed the hyperuricemia produced by 
pyrazinamide. The effect of PAS on uric acid 
excretion was not great enough to be conclusive. 

Effect of Addition of PAS to Pyrazinamide plus 
Isoniazid. Seven patients were tested. Four of 
these were patients with tuberculosis who had 
been receiving pyrazinamide-isoniazid therapy 
for many months. The other three were non- 
tuberculous subjects receiving pyrazinamide plus 
isoniazid for seven days before PAS was added. 
In three patients the serum and urinary uric acid 
values were unchanged by the addition of PAS 
(two tuberculous and one _ non-tuberculous 
subject). 
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The results in four patients who showed a 
reduction in the serum uric acid level are shown 
in Figure 4. The serum uric acid fell after the 
addition of PAS from an average of 9 mg. per 
100 ml. to an average of 6 mg. per 100 ml. The 
urinary output of uric acid showed a sporadic 
increase that was not great enough to be defi- 
nitely significant. Uric acid determinations were 
again obtained in the two tuberculous patients 
eleven days after PAS was discontinued. At this 
time the serum uric acid was only 7 mg. per 100 
ml., but it rose to 10 mg. within the next few 
days. The urinary output was low. 

Effect of Addition of Pyrazinamide to Probenecid. 
Four subjects were given probenecid for seven 
days before pyrazinamide was added. All four 
showed a slight reduction in serum uric acid. 
The urinary changes were less consistent, some 
showing an increase, the others remaining un- 
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changed. Since the urinary output was not 
measured until five days after probenecid was 
started, its uricosuric effect was probably missed 
in some subjects. As noted by Gutman and Yii [6) 
the uricosuria produced by probenecid only 
lasts a few days in normal subjects. 

After pyrazinamide was added to the pro- 
benecid, two patients had a rise in the serum 
uric acid to over 9 mg. per 100 ml. with a fall in 
the twenty-four-hour urinary output of uric acid 
to below 200 mg. which continued unchanged 
during the three weeks pyrazinamide was given. 
Interestingly, the serum uric acid rise was 
late in occurring, not exceeding normal values 
until six and seven days, respectively, after the 
pyrazinamide was started. 

The other two patients in this group had a sup- 
pression of the hyperuricemia produced by 
pyrazinamide as shown in Figure 5. After pro- 
benecid was started the serum uric acid fell 
slightly to 1.5 mg. per 100 ml. When pyrazin- 
amide was given the uric acid rose to 5 mg. per 
100 ml. and then remained constant. The 


urinary output showed a questionable decrease. 
When probenecid was stopped, fourteen days 
after the pyrazinamide was added, the serum 
uric acid rose to 9 mg. and the urinary output 
fell. When pyrazinamide was stopped the serum 
and urinary uric acid values returned to their 
pretreatment levels. 

Effect of the Addition of Probenecid to Pyrazinamide 
plus Isoniazid. Four tuberculous patients who 
had been receiving pyrazinamide plus isoniazid 
for many months were given probenecid for 
twenty-eight days. Three of these had no signifi- 
cant change in the serum or urinary acid follow- 
ing the addition of probenecid to the other drugs 
nor was there any on its discontinuation. 

One patient showed a fall in the serum uric 
acid from 7 mg. to an average of 5 mg. per 100 
ml., as shown in Figure 6. The twenty-four 
hour urinary output increased from less than 
100 mg. to almost 300 mg. of uric acid. When 
probenecid was discontinued the serum uric 
acid rose and the urinary output fell. It is 
interesting that three of these patients with 
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Fic. 6. Changes in the uric acid serum level and in the urinary output when PZA< is given 


before probenecid. 


tuberculosis were subjects in the previous experi- 
ment in which PAS was added to pyrazinamide 
and isoniazid. The patient who responded 
to probenecid was the only one of the three who 
responded to PAS administration, the other two 
responded to neither drug. 

Effect of Addition to ACTH to Pyrazinamide. 
One subject was started, unbeknown to us, on 
ACTH, 80 units daily after receiving pyrazin- 
amide for eight days. As shown in Figure 7, at 
the ttme ACTH was added the serum uric acid 
had risen to 8 mg. per 100 ml. and the uric acid 
urinary output was about 200 mg. daily. Follow- 
ing the administration of ACTH the urinary 
output of uric acid rose to 600 mg. by the second 
day and reached a peak of 900 mg. The serum 
uric acid fell slowly and steadily. The addition 
of isoniazid was without significant effect. Fol- 
lowing the discontinuation of pyrazinamide and 
isoniazid there was no significant change in the 
serum or urinary uric acid values. 
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COMMENTS 


The increase in the serum uric acid following 
the administration of pyrazinamide appears to 
be due to decreased excretion of uric acid in the 
urine. This decrease in the urinary output of 
uric acid was great enough to explain the rise in 
the serum level without the necessity of postulat- 
ing an increased synthesis of uric acid as in 
primary gout [7] or its release by an increased 
destruction of cells such as may occur in eryth- 
rocytosis or leukemia. The serum uric acid level 
was unaffected by the pyrazinamide blood level, 
as shown by the unchanged values before and 
two hours after the morning dose of pyrazin- 
amide [3]. In addition, Allison [8] has found an 
increase in serum uric acid to an average of 
9 mg. per 100 ml. of serum when giving 1.5 gm. 
of pyrazinamide daily, which is one-half of the 
amount we used. 

Normally there is almost complete filtration of 
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urate at the glomerulus with subsequent levels with periods of up to a week when the 


tubular reabsorption by enzymatic transfer 
systems of all but 5 to 10 per cent of the filtered 
urate [6]. Apparently when pyrazinamide is 
administered there is even greater tubular 
reabsorption of urates. The unchanged inulin 
clearances suggest that glomerular function is 
unaffected. Gleason et al. [9] found a decrease in 
phenolsulfonphthalein excretion during pyrazin- 
amide administration, which is consistent with 
a tubular effect. 

Since the serum uric acid remains elevated 
and the urinary output remains low as long as 
the pyrazinamide is continued, one would sus- 
pect that uric acid is deposited in the tissues, 
increasing the miscible pool. Measurements of 
the miscible pool of uric acid, similar to those 
made by Benedict et al. [70], before and during 
long-term pyrazinamide therapy, would be 
interesting. here are often considerable day to 
day changes in the serum and urinary uric acid 


serum uric acid might be as low as 6 mg. per 100 
ml. The urinary output rarely rises above 300 
mg. in twenty-four hours. 

It becomes apparent that pyrazinamide, PAS 
and probenecid all affect the enzymatic tubular 
transport mechanism related to uric acid re- 
absorption. It is not surprising that PAS may be 
uricosuric as it is structurally related to benzoic, 
salicylic and p-aminobenzoic acids [7/7]. In addi- 
tion, probenecid, another benzoic acid deriva- 
tive, causes retention of PAS [72]. It is unlikely 
that any uricosuric properties of PAS are due to 
liberation of free salicylates, as very little, if any, 
are formed in the metabolism of PAS [73]. On 
reflection the failure of probenecid always to 
prevent the hyperuricemia produced by pyrazin- 
amide might have been anticipated. It is well 
known that when salicylates are given with 
probenecid the expected uricosuria fails to 
appear [74,75]. In view of the demonstration by 
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Yu and Gutman [/6] that uricosuric agents in 
small enough doses cause uric acid retention, it 
might be anticipated that pyrazinamide may be 
uricosuric if given in large enough doses. It is 
known that ACTH is a potent uricosuric agent 
[6,70]. Its effect in the patient tested demon- 
strates that the uric acid retention by the kidney 
can be reversed even though pyrazinamide is 
continued. 

The relationship between the attacks of gout 
and the hyperuricemia is probably an indirect 
one, as is true in primary gout [6]. In spite of the 
continuation of pyrazinamide therapy and the 
persistence of the hyperuricemia there was no 
recurrence of gout in the two patients we studied 
3). Perhaps in some or in all of these patients 
an inapparent gouty diathesis is present. We 
gave pyrazinamide for seven days to one patient 
without tuberculosis soon after he had recovered 
from an acute attack of gout that had responded 
to colchicine. Although his serum uric acid rose 
to 19 mg. per 100 ml. there was no recurrence of 
acute gouty arthritis either during administra- 
tion of pyrazinamide or after it was discontinued. 

In spite of the occurrence of an occasional at- 
tack of gout during pyrazinamide therapy for 
tuberculosis, one cannot at this time condemn 
this drug as harmful to most patients on the 
basis of the hyperuricemia alone. Renal damage 
has not occurred in our patients and seems to be 
unlikely unless the renal tubule is damaged as a 
result of altered uric acid transport. In view of 
the low urinary output of uric acid, renal stones 
would not be expected. Although we have not 
observed the occurrence of uric acid tophi, they 
might be expected if the pyrazinamide, and 
therefore the hyperuricemia, was maintained 
long enough. 


SUMMARY 


1. The serum uric acid becomes elevated 
following administration of pyrazinamide. This 
is associated with a decrease in the urinary out- 
put of uric acid to one-third to one-half the 
control level. 

2. Inulin clearances were unchanged by pyra- 
zinamide in the two patients tested, suggesting 
that the renal effect was tubular, not glomerular. 

3. Isoniazid had no effect on the hyper- 
uricemic properties of pyrazinamide. 

4. Para-aminosalicylate, in some but by no 
means in all the subjects, reduced the hyper- 
uricemic effects of pyrazinamide. There was 
suggestive but far from conclusive evidence that 
PAS was uricosuric. 
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5. Probenecid reduced the hyperuricemic 
effect of pyrazinamide in only some of the sub- 
jects tested. It was no more effective in this 


regard than PAS. 
6. In the one patient tested, ACTH was 


markedly uricosuric and completely reversed the 
serum and urinary uric acid changes produced 
by pyrazinamide. 
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Hyperuricemia Due to Pyrazinamide’ 


Morton SHAPIRO, M.D. and LEROY HYDE, M.D. 


Long Beach, California 


YPERURICEMIA May occur as a result of an 
H increase in production of uric acid or of 
inadequate excretion of this end-product of 
purine metabolism. It is known that lactic acid, 
ergotamine, atropine and posterior pituitary 
solution decrease the excretion of uric acid, but 
very few drugs are directly responsible for hyper- 
uricemia [7]. The antifolic acid compounds, 
e.g., aminopterin, and the newer purine ana- 
logues (6-mercaptopurine, thioguanine, 6-chloro- 
purine and 2,6-diamino-purine) cause hyper- 
uricemia by releasing excessive amounts of 
nucleo-protein from cellular destruction [2]. 
The antituberculous agent, pyrazinamide, may 
now be added to the list of drugs causing 
hyperuricemia. 

Following the demonstration of the activity 
of nicotinamide against Mycobacterium tuber- 
culosis, Kushner et al. [3] studied a similar 
sroup of compounds known as the pyrazine 
derivatives. By ammonolysing methyl pyrazin- 
ate they produced pyrazinamide. After animal 
experimentation had proved its eficacy, Yeager 
et al. [4] reported its use in forty-three patients 
with pulmonary tuberculosis. ‘Thirteen patients 
in this group complained of joint pains. Other 
reports mentioned joint pains without clinical 
evidence of articular involvement [5-7]. In 
reporting three cases of clinical gout occurring 
while the patients were on pyrazinamide 
therapy, Cullen et al. [8] noted hyperuricemia 
in all patients receiving this drug. Similar find- 
ings were noted in another case but the gout and 
elevated uric acid levels were thought to be 
related to isoniazid which the patient had been 
receiving [9]. In another patient, routine in- 
vestigation after passage of a non-urate calculus 
revealed hyperuricemia after two months of 
pyrazinamide therapy [70]. 


METHODS 


Groups of patients with pulmonary tuberculosis 
being treated with bedrest and chemotherapy were 


studied. Various combinations of the antituberculous 
agents streptomycin, isoniazid, para-aminosalicylic 
acid and pyrazinamide were used in the following 
dosages: streptomycin, 1 gm., intramuscularly twice 
weekly; isoniazid, 100 mg., three times a day; para- 
aminosalicylic acid, 4 gm., three times a day; and 
pyrazinamide, 0.5 gm. or 1.0 gm., three times a day, 
orally. All patients had normal hepatic and renal func- 
tion as determined by cephalin flocculation test, 
thymol turbidity test, bromsulphalein® excretion, 
blood urea nitrogen determinations and urinalyses. 
Complete hemograms were performed in each patient 
and all values were essentially within normal limits. 
All patients were maintained on the regular hospital 
diet consisting of 107 gm. of protein, 290 gm. of car- 
bohydrate and 175 gm. of fat to yield approximately 
3,200 calories. 

Serum uric acid determinations were performed by 
a modified Koch’s method [77]. Other reducing sub- 
stances such as glutathione and ergothionine found 
mostly in red blood cells interfere with the specificity 
of this test. By using blood serum rather than whole 
blood, this error is minimized. Normal values in this 
laboratory are from 3.0 to 5.5 mg. per 100 ml. of 
blood. To rule out any reducing action of the drug it- 
self on the phosphotungstate reagent, both pyrazin- 
amide and its breakdown product, pyrazinoic acid, 
were tested, with negative results. 


STUDY 


Patients Receiving Pyrazinamide (PZA). Hyper- 
uricemia was found in forty-six patients receiving 
pyrazinamide alone, or with isoniazid, or with 
isoniazid and streptomycin. In a group of ten 
patients the serum uric acid was determined at 
varying intervals of PZA therapy and repeat 
levels were obtained two weeks later. Persistent 
hyperuricemia was noted in all cases, with values 
ranging from 6.2 to 9.7 mg. per cent. This 
elevation was produced with either 1.5 or 3.0 gm. 
of PZA daily. (Table 1.) 

Ten random patients not receiving PZA were 
used as controls, and serum uric acid levels 
obtained at the same time were less than 5.5 mg. 
per cent in every instance. 


*From the Pulmonary Disease Service, Veterans Administration Hospital, Long Beach, California, and the Depart- 
ment of Medicine, University of California, Los Angeles, California. 
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Patients with no Previous Chemotherapy. ‘This 
group consisted of eleven new patients admitted 
for treatment. All serum uric acid levels were 
below 5.4 mg. per cent. However, following 
institution of PZA therapy in daily dosage of 
either 1.5 gm. or 3.0 gm. and isoniazid 100 mg., 


TABLE I 
URIC ACID LEVELS IN PATIENTS RECEIVING 
PYRAZINAMIDE (PZA) 


Daily Dura- Serum , 
| Dos- | tion of Uric 
(lase of | Level 
No. | Patient |98¢ Of} FZA | Acid | 2 Weeks 
PZA | Therapy, Level 
(yr) (gm.) | (weeks) | (mg. %) | nage 
| | (mg. %) 
58 | 1.5 | 16 
3 59 & 6.2 7.6 
5 28 3.0 3 9.7 9.7 
6 44 3.0 12 7.2 666 
7 27 3 9.4 
8 67 1.5 8.8 
9 24 1.5 4 8.5 6.4 
10 46 3.0 5 4.3 7.3 
TABLE U 


DEVELOPMENT OF HYPERURICEMIA FOLLOWING 
INSTITUTION OF PZA THERAPY 


| | Serum 


Daily | Pre-treatment Uric 
Case| Dose of | Serum Uric | Acid | Days 
No.| PZA Acid Levels | Levels | PZA Therapy 

(gm.) (mg. %) | (mg. | 

11 | 3.0 4.0 8.7 
3.6 8.9 6 
14 $5 2.35 7.8 | 7 
15 | 3.0 3.9 7.1 | 
16 3.0 5.4 6.3 1 
3.0 11.6 11 
19; 3.0 5.0 6.9 9 
20 | 3.0 5.5 9.0 
21 3.0 4.8 7.3 5 


three times a day, hyperuricemia promptly 
occurred. (Table 11.) 

Patients Receiving Other Antituberculous Drugs. 
Eight patients receiving streptomycin and 
isoniazid had normal serum uric acid levels. 
They were then given 3 gm. of PZA daily and 
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within forty-eight hours all patients were found 
to have hyperuricemia. (Table 1m.) 

Five patients receiving isoniazid and PAS had 
normal serum uric acid levels. When PZA in 
doses of 3 gm. daily was added to their chemo- 
therapeutic regimen, slight changes were noted 


TABLE 
SERUM URIC ACID LEVELS AFTER ADDITION 
OF PYRAZINAMIDE (PZA) TO OTHER 
ANTITUBERCULOUS DRUGS 


Pre- _ Serum Serum Serum 
treatment | Uric Uric Uric 
C Serum Acid Acid Acid 
| | after after after 
Acid (| 24 Hours 48 Hours 9 Days 
Levels | PAA | PEA 
| (mg. %) | (mg. %) | (mg. %) | (mg. %) 
Streptomycin and Isoniazid Group 
22 3.7 6.6 7.9 
23 4.1 53 
24 4.7 6.9 8.1 
25 4.8 7 8.3 
26 4.9 5.9 7.4 
27 4.1 7.3 7.8 
28 3.5 6.3 6.9 
29 5.4 9.1 8.8 
Isoniazid and Para-aminosalicylate Group 
30 5.0 5.8 5.9 8.5 
31 4.2 5.2 533 55 
32 3.6 5.1 4.7 7.0 
33 5.1 6.1 6.2 8.0 
34 5.3 5.4 5.7 8.4 


in twenty-four and in forty-eight hours but after 
nine days all serum uric acid levels were defi- 
nitely elevated. (Table m1.) It is concluded that 
PAS delayed but did not prevent the appearance 
of hyperuricemia. 

Effect of Aspirin and Salicylates. In one patient 
treated with streptomycin and isoniazid, hyper- 
uricemia failed to develop after PZA therapy. 
This patient had been receiving prolonged 
sodium salicylate therapy for arthritis. pa- 
tients without tuberculosis received acetyl- 
salicylic acid in dosage of 0.6 gm. four times a 
day. They did not receive tuberculostatic drugs. 
Control serum uric acid values were normal. The 
addition of 3.0 gm. of pyrazinamide daily did not 
produce an elevation of serum uric acid, 
presumably because of the uricosuric effect of 
aspirin. (Fig. 1.) 


> 
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« 
PZA 
STARTED 
SERUM 
URIC 
ACID 
(mg. %) 
PZA 
ASPIRIN | 
0.6 gm. Q.1.D. 
Fic. 1. Effect of aspirin in preventing PZA-induced hyperuricemia. 
TABLE Iv a day, after uric acid levels had been repeated. 
EFFECT OF PROBENECID (BENEMID) ON PZA-INDUCED Following three days of therapy, only four pa- 
HYPERURICEMIA 
tients showed a return to normal levels. By the 
, fifteenth day, hyperuricemic levels were again 
Pre- Serum Serum Serum : hi Tal 
Uric Uric present in thirteen cases. | Pable iv.) | 
" Serum Acid Acid Acid At no time throughout the course of this study 

: Uric after after after did any patients complain of joint pains or ex- 

No. Acid Days of | 7 Days of | 14 Days of 
hibit any manifestations of gout. 
Levels Benemid Benemid  Benemid 
(mg. %) | (mg. %) | (mg. %) | (mg. %) 
SUMMARY AND CONCLUSIONS 

I Lee 6.1 7.0 52 1. The use of the antituberculous agent, 

2 ; pyrazinamide, in daily doses of 1.5 gm. or 3.0 

- 7 4 47 45 60 gm. resulted in a persistent hyperuricemia. 

9 5 2 37 44 5 9 2. Coincidental administration of other tuber- 
11 7.9 7.4 6.9 6.5 culostatic drugs, such as streptomycin, isoniazid 
9.2 or para-aminosalicylate, did not prevent this 
73 6.7 7 62 75 aminosalicylate did delay elevation of serum uric 
24 7.7 EL 6.7 8.2 acid. 

25 11.0 9.6 7.2 11.1 3. Probenecid (benemid) caused an initial 

+ ho fe {+3 dg lowering of elevated levels in a few cases but 
36 7.3 6. / 5.8 6.4 . 
| continued use did not prevent the return of 
PZA-induced hyperuricemia. 
Effect of Probenecid (Benemid®). Fourteen pa- 4. In patients receiving sodium salicylate or 
tients with PZA-induced hyperuricemia in this aspirin, pyrazinamide failed to produce an 
study were given benemid, 0.5 gm. three times elevation of serum uric acid levels. 
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Renal Function in Gout 


With a Commentary on the Renal Regulation of Urate Excretion, 
and the Role of the Kidney in the Pathogenesis of Gout 


ALEXANDER B. GuUTMAN, M.D. and T’sat Fan YU, M.D. 


New York, New York 


NOWLEDGE of the functional state of the 
kidneys in the progressive stages of gout 
still suffers from an insufhciency of data and from 


some confusion of opinion. The subject is of 


some significance. Quite apart from its intrinsic 


interest as a reflection of the structural changes of 


the ‘“‘gouty kidney,”’ it relates to one of the cen- 
tral problems in the pathogenesis of gout. This 
is the question whether hyperuricemia, the 
hallmark of the disorder, is attributable to an 
inherent renal defect specifically of urate excre- 
tion, or to a metabolic error characterized by 
overproduction of urate; in the latter instance 
such impairment of renal function as may be 
present could then be ascribed, in part, to the 
effects of the metabolic defect. 

The concept that the primary cause of gout is 
a specific impairment of the capacity of the 
kidney to excrete uric acid, and that the rate of 
urate production is of secondary importance, 
was first proposed in 1848 by Garrod upon the 
occasion of his historic announcement of the 
discovery of hyperuricemia as a characteristic 
of the disorder [7]. As his exposition of this view 
has not since been surpassed, it is cited here: 


‘The results of these experiments on the condition 
of the blood and urine . . . appear to indicate that 
urea and uric acid are separately eliminated: 

also that one of these functions may be impaired or 
destroyed, the other remaining entire. In gout, 
the uric-acid-excreting function being defective, chalk- 
like deposits are produced by a vicarious discharge of 
urate of soda. Gout would thus appear, at least partly, 
to depend on a loss of power (temporary or permanent) 
in the uric-acid-excreting function of the kidneys; the 
premonitory symptoms, and those also which consti- 
tute the paroxysm, arising from an excess of this acid 
in the blood, and the effort to expel the materies morbi 


from the system. Any undue formation of this com- 
pound would favour the occurrence of the disease, 
and hence the connection between gout, gravel, and 
calculus, hence also the influence of high living, wine, 
porter, want of exercise, and other like causes, in 
inducing it. This hypothesis also explains two facts, 
which have been_regarded as militating against the 
humoral pathology of the affection, namely, its 
hereditary nature, and its frequent occurrence in low 
states of the system; for we can understand that the 
peculiarity of the kidney with reference to the excre- 
tion of uric acid may be transmitted, and likewise, 
that when the function in question is permanently 
injured, it will not require an excessive formation of 
this acid to cause its accumulation in the blood.” 


The principal support for this view has come 
from reports indicating that the hyperuricemia 
of gouty subjects is associated with urinary urate 
excretion within the limits of normal variation, 
and often less than normal, as would be expected 
if deficient renal excretion of urate were the 
cause. Thus Brugsch and Schittenhelm [2] in 
1907 reviewed the available data (obtained by 
often imperfect precipitation technics) in thirty- 
five gouty subjects, and concluded that the 
urinary urate excretion was less than normal 
(0.01 to 0.3 gm./twenty-four hours) in 43 per 
cent, within the usual normal limits (0.3 to 0.4 
gm./twenty-four hours) in 36 per cent, and 
within the upper limits of normal (0.4 to 0.6 
em./twenty-four hours) in 21 per cent. In a 
later compilation Pratt {.3] found a mean “‘endog- 
enous” urate excretion in twenty gouty subjects 
of 250 mg./twenty-four hours as compared with 
a mean normal figure of 390 mg./twenty-four 
hours. So far as can be ascertained, these older 
determinations apparently dealt for the most 
part with more advanced cases of gout in which 
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the ravages of disease and age might well have 
led to renal impairment and hence to interfer- 
ence with excretion of urate by the kidneys. 
Subsequent reports, of results with more 
reliable analytic methods in a wider spectrum 
of patients, confirmed the fact that most gouty 
subjects excrete normal, sometimes even sub- 
normal quantities of urate in the urine, but 
disclosed generally higher mean levels of urate 
excretion, and an occasional gouty patient with 
markedly excessive urate output. Thus Folin, 
Berglund and Derick [4] in 1924 reported aug- 
mented excretion, of 687, 889 and 958 mg./ 
twenty-four hours, significantly higher than their 
normal range of 425 to 605 mg./twenty-four 
hours, in three of nine patients with gout. 
Bréchner-Mortensen [5], using his ferricyanide 
method, found the mean endogenous urinary 
urate excretion in eleven gouty subjects to be 414 
mg./ twenty-four hours (range, 297 to 680 mg.), 
somewhat higher than the mean of 374 mg./ 
twenty-four hours (range, 269 to 532 mg.) in 
twenty normal persons. In 1938 Talbott and 
Coombs [6] reported a urinary urate excretion of 
“more than 2 Gm.” daily in two young gouty 
patients while taking a low purine diet, in con- 
trast to “‘Jess than 1 Gm.” daily in two non- 
gouty subjects on a similar diet. In 1950 
Friedman and Byers [7] found a mean urinary 
excretion in five young gouty subjects of 567 
mg./twenty-four hours (range, 472 to 613 mg.) 
as compared with a mean of 398 mg./twenty- 
four hours (range 360 to 438 mg.) in six normal 
individuals. Talbott and Coombs [6] and Fried- 
inan and Byers [7] both stressed the point that 
their gouty subjects with greater than normal 
urinary urate excretion were relatively young 
and free of any indication of renal insufficiency. 
They inferred that the renal impairment so 
frequently encountered in older gouty subjects 
might well depress the elimination of urate by 
the kidneys, the major organ of urate excretion, 
and thus mask excessive urate production. 
Preliminary reports of our own measurements 
of the twenty-four-hour urinary urate excretion 
in gouty subjects [8,9] amplify and, for the most 
part, support these findings. The basal urinary 
urate excretion in the majority of the fifty-five 
cases of gout reported in 1952 [9] was within 
the normal range but the mean, 531 + 177 
mg./twenty-four hours, was higher than that of 
thirteen non-gouty control subjects, 416 + 68 
ing./twenty-four hours. Twenty-four of these 
patients had overt renal damage; the range ot 
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their twenty-four-hour urinary urate excretion 
was 190 to 751 mg., with a mean of 436 + 142 
mg. Thirty-one patients, rather widely dis- 
tributed as to age, duration of manifest gout and 
presence or absence of visible tophaceous depos- 
its, had no proteinuria, urinary casts, phenol- 
sulfonphthalein retention or azotemia; the 
range of twenty-four-hour urinary urate excre- 
tion in these cases was 389 to 999 mg., with a 
significantly elevated mean of 605 + 172 mg. In 
eighteen of the gouty subjects the urinary urate 
excretion, while taking a low purine, meat-free 
diet, was in excess of 620 mg./twenty-four hours, 
a quantity 3 standard deviations above the 
normal mean. Repeated determinations under 
closely supervised conditions diminished the 
possibility of error in these cases due to sur- 
reptitious purine or drug intake, sporadic 
passage of urate gravel, or gross mistakes in 
urine collection or chemical analysis. It would 
therefore appear that a significant minority of 
patients with gout regularly excrete excessive 
quantities of urate in the urine while on a basal 
diet, that this is neither an altogether sporadic 
and anomalous occurrence nor a constant 
manifestation of the disorder in younger sub- 


jects. The inference that at least in such gouty 


subjects excessive quantities of urate are syn- 
thesized from precursors [8] was established in 
two instances by the direct demonstration of 
excessive incorporation of glycine-N?® into urate 
'70,17\. These isotope experiments failed, how- 
ever, to give any indication of overproduction of 
urate in gouty subjects not excreting excessive 
amounts of urate in the urine; and these, as 
already indicated, make up the majority of cases. 

The urate clearance measurements reported in 
the literature reveal no distinct difference be- 
tween gouty and non-gouty subjects. Thus 
Bréchner-Mortensen [5,72] found the urate 
clearance in seventeen of twenty cases of gout to 
be either within the limits of normal variation or, 
when there was marked reduction in the urea 
and creatinine clearances, depressed to not less 
than 60 per cent of normal. Coombs et al. [73] 
and Talbott [74] noted no distinct impairment of 
the ability of the kidneys to clear urate in twenty- 
seven gouty patients as compared with fifty- 
five non-gouty control subjects. Friedman and 
Byers [7] found a normal urate clearance in 
six of eight cases of gout. These investigators 
pointed out the inconsistency in associating 
normal urate clearance with normal urinary 
urate excretion: ‘‘an unchanged or normal urate 
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clearance in an individual with elevated plasma 
content of urate (as in the gouty patient) indi- 
cates an increase in the actual amount of urate 
excreted”’ [7]. 

Coombs et al. [73] further emphasized that the 
percentage of filtered urate reabsorbed by the 
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Fic. 1. Distribution of 300 gouty subjects according to 
age. The presence of overt renal damage, as defined in 
the text, is indicated by cross-hatching. The proportion of 
patients with overt renal damage increased with age. 


tubules was the same, approximately 90 per 
cent, in gouty and in non-gouty subjects with 


‘normal kidney function’’; severe impairment in 


kidney function was associated in both gouty 
and non-gouty subjects with a decline in the 
percentage of filtered urate reabsorbed. Coombs 
et al. [73] concluded from their clearance studies 
that although “‘based upon certain assumptions, 
the proof for which is not available . . . the 
data show no differential inability of the kidneys 
to clear urate in gouty patients. . . . Noconsti- 
tutional inferiority of the kidneys to excrete 
urate was demonstrated. . . . Kidney changes 
in patients with gout are believed to be the 
result and not the cause of the metabolic 
dyscrasia.”’ 

The present enquiry comes to similar con- 
clusions. But perhaps the experimental data 
herein assembled, in patients representative of 
the several phases of the disorder, will serve 
further to elucidate the mechanisms of renal 
excretion of urate, and the recurrent question of 
a primary defect in the capacity of the kidneys 
of the gouty subject to eliminate urate. 
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METHODS 


The diagnosis of primary gout in the 300 patients 
selected for study was made on the basis of clinical 
criteria (history or presence of characteristic acute 
arthritis responsive to colchicine) and the demonstra- 
tion of hyperuricemia, defined as not less than 6.5 mg. 
per cent in men and 5.0 mg. per cent In women by the 
analytic method employed. In addition, 142 patients 
had tophi, visible in most cases but in sixteen instances 
demonstrable only in roentgenograms. The age range 
at the time of study was twenty-five to seventy-nine 
years; the age distribution is indicated in Figure 1. 
Nine women are included in this series. 

Routine urine analysis, a concentration test, a 
phenolsulfonphthalein excretion test and a serum 
non-protein nitrogen determination were performed 
in every instance. Judged by these criteria, sixty-five 
patients, most of them in the older age groups, gave 
evidence of overt renal disease. Of these two were 
known to have chronic glomerular nephritis, three 
had polycystic kidneys, seventeen had hypertensive 
cardiovascular disease, sixteen had had coronary 
thrombosis, four had had cerebral thrombosis, nine 
had nephrolithiasis with more or less associated 
pyelonephritis. Of the 235 gouty subjects free of overt 
renal disease by these criteria, twenty-seven had or 
had had nephrolithiasis, sixteen had hypertension, 
thirteen had had coronary thrombosis, two had had 
cerebral thrombosis. 

Inulin and urate clearances were measured in 150 
of these gouty subjects, all men; in 110 cases the clear- 
ance of para-aminohippurate was concurrently deter- 
mined, and in fourteen cases Imp,, was measured. 
Twenty-one subjects were studied more than once. 
Urate and inulin clearances were obtained also in 
twelve non-gouty subjects. Urine collections were 
made by catheterization of the bladder, and standard 
renal clearance technics [7/5] were employed through- 
out. Prior to study the patients had been taking low 
purine, restricted protein diets for varying periods of 
time. 

In addition, one-hour urate and creatinine clear- 
ance measurements were made in sixty-four other 
gouty (male) patients and in forty-nine normal male 
and fifty-two normal female control subjects. All such 
clearance studies were carried out with the subject in 
the postabsorptive state. Liberal water intake was pro- 
vided to ensure adequate urine flow. Spontaneously 
voided urine was collected for sixty minutes. Blood 
samples were obtained at the beginning and at end of 
the clearance period, and the blood and urine samples 
were analyzed for urate and creatinine. 

Twenty-four hour urine collections were made in 
300 gouty subjects after they had taken a low purine, 
meat-free diet for one to two or more weeks. The diet 
was calculated to contain approximately 60 gm. 
protein (derived chiefly from milk, milk products and 
cereals), 60 gm. fat, and sufficient carbohydrate to 
provide a total of 1,600 to 2,000 calories per day. The 
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RESULTS OF RENAL CLEARANCE STUDIES IN 150 GOUTY SUBJECTS 
(Arranged in descending order of filtered urate load, Fyrate. Values not corrected to 


standard body surface area.) 


Body ‘Ur 
Surface | Purate | | Cran | Furate Turate | Curare | 
No. Age Area Tophi (mg. /\ (ug-/ | (mg./| | Remarks 
(sq. %) | min.) | min.) min.) | min.) min.) | min.) | 
| 4 hr.) 
meter) | | | | 
2.; 39 | 2.30 | ++ | 10.6 |164 | 624 | 17.4) 1148 | 16.3 | 10.9 1520 | Nephrolithiasis 
4.1 43 | 2.26 + | 10.8 | 146 15.8| 615 | 15.2} 5.5 
5.| 30 2.07 O | 11.9 |128 15.2 | 1657 | 13.5 | 14.4 1034 | Coronary 
| | | | | | thrombosis 
6.| 35 2.08 0 9.8 | 154 15.1| 807 | 14.3| 8.2; 550 | 
7.| 42 2.16 0 8.4 | 158 
ai 2.12 + | 11.2 | 132 532 14.8| 950 13.8, 647 _Nephrolithiasis 
41 2.52 | ++! 9.7 151 493 | 14.6! 565 14.0! 5.8! 649 | Hypertensive car- 
| | | | diovascular disease 
34 1.98 + 13.4 109 423 | 14.6, 1320 | 13.3 | 11.0 | 681 | Nephrolithiasis 
89/163 | 665 | 14.5} 805 | 13.7 | 12.1 512 | Tmpan 79.0 mg./ 
| | | | _ minute 
18.; 41 | 2.03 | + 9.4 | 145 
19.; 39 | 2.30 | 0 9.8 | 138 13:5 956 | 12.6) 9.5 
20.{| 37 2.06 0 8.7 |154 | 531 | 13.4; 482 | 12.9; 7.3 409 | Hypertensive car- 
| | diovascular disease 
21.| 47 | 1.90 + | 12.4 108 | 473 | 13.4 | 1009 | 12.4) 8.0 | 1412 | Nephrolithiasis 
23.; 30 | 1.90 | 0 9.2 145 668 | 13.3) 728 | 12.6] 7.9 PES Batiste 
24.) 36 | 2.25 | 0 7.6 | 658 | 13.2 | 784 | 12.4 | 10.2 
25.| 42 | 2.04 | + | 10.0/132 | 661 | 13.2] 1182 | 12.0! 11.8] 774 | Tmpan 87.5 mg./ 
| | | | | | minute 
29.| 33 | 1.83 | 9.4/138 | 624 | 13.0 1044 | 12.0 11.2 
44 | 2.21 | + | 10.8 | 117 
34.| 69 1.73 0 | 10.9/115 | 722 |12.5| 868 | 11.6] 8.1 
35.| 37 2.01 | ++ | 12.4} 444 |12.0| 4.2| 545 | Tmpagq 80.5 mg./ 
| | minute 
43.| 47 2.10 0 7.71150 | 577 | 11.6| 733 | 10.9; 9.5 | 425 | Tmpag 88.8 mg./ 
| | minute 
44. 34 | 1.86 | ++] 10.1]115 | 620] 11.6} 499 | 11.1] 5.0 | 610 | Nephrolithiasis 
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TABLE 1 (Continued) 
RESULTS OF RENAL CLEARANCE STUDIES IN 150 GOUTY SUBJECTS 


| | | | | | | | | | 
| Body | | | | | | | | Uri 
Surface Purate | Cinulia| Creag | F urate | UVurate} Terate Curate | 
No.| Age | Area | Tophi! (mg. | (ml./ | (ml./ | (mg./| (ug./ (mg. / (ml. / | — Remarks 
&%). min.) | min.) | min.) | min.) | min.) min.) | (mg./ 
| | 24 hr.) 
| meter) | | | | | | | 
| | | | | | | 
5.) 3 2.03 O | 9.1 | 624 | 11.5 | 1280 | 10.2 | 14.1 | 676 
47 38 | 1.88 | ++ | 10.0 113 622 | 11.3 575 | 10.7, 5.8 455 | Tmpan 73.6 mg./ 
| | | | minute 
48. 7 1.98 | 7.3 1453 500 | 10.7 6.8 
50.| 52 578 | 10.6, 8.9 383 | Nephrolithiasis 
52 34 | 8.7 | 126 536 11.0 638 | 10.3 7.4 362  Tmpayq 75.2 mg., 
| minute 
53 47 9.9 468 11.0 1027 | 10.0; 10.3 446 | Tmpan 77.7 mg./ 
| minute 
| 3.00 9.91110 | 416 | 10.9] 485 | 10.4; 48) .. 
56.1 25 | 1.98 0 8.3 | 131 673 | 10.9 {| 359 | 10.31 470 Tmpan 74.3 mg./ 
| | | | minute 
diovascular disease 
‘Tmpan 40.3 meg. / 
| minute 
62.| 44 1.97 + 11.5 | 92.9] ... | 10.7} 1021 | 9.7] 8.9} 765 | Nephrolithiasis 
52 1.91 12.1 385 (10.6 | 140.11 4:41 305 
64.) 45 2.03 ++ | 10.7 | 97.7] 469 | 10.5 485 | 10.0] 4.51 446 
0 9.8 | 402 | 10.4| 1027 | 9.4] 10.5 537 ‘ 
12.13 1 + 1107 116.2) 622 345 
71 48 | 2.04 0 |10.0/101 | 406 | 10.1 795 | 9.3] 8.0 
0 8.9 (10.1 | 583 | 9.61 6.2 548 | Coronary 
| : | | | | | thrombosis 
75.| 60 1.88 0 9.3 | 106 
76.) 61 2.09 0 7.81126 | 444 98; 82 | Hypertensive car- 
| | diovascular disease 
4 2.06 1° 21 9.6) 491-74 575 | Nephrolithiasis 
82.; 44 | 2.08 |+++/ 11.5 | 83.7] 289 | 9.6 767 | 8.8; 6.7 | 335 | Chronic nephritis 
| | | | | | hypertensive car- 
| | | | | | | : diovascular disease 
SZ. 42385 | 8.47115 472 9.5 450 
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RESULTS OF RENAL CLEARANCE STUDIES IN 150 GOUTY SUBJECTS 
| | | | | | | | 
| | Surface | | Purate | Cinulia | Crean | F urate | UVarate Turate Curate tea | 
No. Age Area (mg. (ml./ | (ml./ | (mg./, (ug./ | (mg./| (ml./ | Remarks 
| | (sq. | %) | min.) | min.) | min.) | min.) | min.) | min.) Pes | 
r.) 
/ meter) | | | | | 
| | | | | | | 
5d 2. + | | 485 | 9.4) G17 | | 413 | Hypertensive car- 
| | | | | | diovascular disease, 
| | | | | nephrolithiasis 
54 1.88 | O | 96.3] 453 | 9.4] 666 | 8.7| 9.4 577 | Nephrolithiasis 
89.| 38 | 1.66 | + | 10.7] 87.4] 443 | 9.4] 596 | | 
20. 56 2.05 O | 7.4;126 | 462 9.3 885 | 8.4); 11.9 560 | Hypertensive car- 
| diovascular disease 
94. 60 | 1.66 | O | 84/108 | 495 | 9.1) 751 | 8.3] 89] .... 
43 | 1.96 0 7.0 | 130 | 9.1] 586} 8.5] 8.5 | 645 | Coronary 
| | | | , thrombosis 
96.| 52 | 1.95 0 7.5 |112 486 | 9.0} 491 | 8.5! 6.5 Mer SS 
101.; 47 | 1.909 | 0 | 8.6/102 | 449 | 8.8| 290 | 3.1 
103.; 57 | 1.86 0 | 88.1! 388 | 447 | 4.5 
2.06 + | 11.0} 78.0; 386 | 8.6; 514] 8.1} 4.7 
105.| 65 | 1.99 + 9.2| 92.6] 295 | 8.5 | 659 | 7.8} 7.1 445 | Nephrolithiasis, 
| | | | nephrosclerosis 
107.} 53 1.94 0 {| 90.6} 448 | 8.4] 409 | 8.0; 4.8 
109.| 44  @ | 9.8} 8.2 426 7.81 4.4 380 | Hypertensive car- 
| | | diovascular disease 
112.| 62 | 1.97 8.7] 92.8] 326 | 245 | 7.8] 2.8 
114.| 48 | 2.01 0 7.61106 | 444 |} 611 | 7.5} 8.1] 363 | Hypertensive car- 
| : ! | | diovascular disease 
115.1 @ | 1:62 + 8.7 | 93.6] 74 578 | Nephrolithiasis 
116.| 54 | 1.80 0 9.5 | 83.7) 633 | Hypertensive car- 
| | | | diovascular disease 
117.} 55 | 2.06 | ++] 9.7] 82.6; 349 | 8.0! 544 | 7.5] 5.3 527 | Hypertensive car- 
| | | | | | ; | diovascular disease 
120.) 63 | 1.81 | O | 9.2] 85.1| 316 78| 2571 7.51 2.8 422 | Coronary 
| | thrombosis 
122.| 31 2.02 0 | 5.4}143 7.7 781264 
123.| 49 1.79 O | 8.8| 85.8| 318 | 7.6| 581 | 7.0] 6.6 372 | Hypertensive car- 
| | diovascular disease 
124.| 35 1.85 0 8.5 | 87.2| 414 | 7.4] 766 | 6.6; 9.0 
125.| 47 1.91 0 6.7 |111 465 | 7.4] 866 | 6.6] 12.8 Me i ee 
126.; 38 1.78 + 6.8 | 107 480 | Nephrolithiasis 
127.| 37 1.92 0 6.8 | 107 | 549 | 688 | 404 
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RESULTS OF RENAL CLEARANCE STUDIES IN 150 GOUTY SUBJECTS 
Body | | 
Surface Purate Cinuiin) Cpan Furate | UVurate) Vurate | Curate 
No. Age Area | Tophi (mg. | (ml./ | (ml./ | (ug./ | (mg./| (ml./ Remarks 
(sq. - %) | min.) min.) | min.) min.) | min.) | min.) | (mg. / 
| | | | | | 24 hr.) 
meter) | | 
128.; 57 6.8 |: 82.71 330 | 7.3| 338  Nephrosclerosis, 
61.4 mg. / 
| | minute 
129. 45 1.68 0 8.3 | 86.9; 452 re 620 | 6.6 tee 460 
13 65 1.81 0 7.7 | 90.0 6.91 #02 | 3.2 _.. | Nephrolithiasis 
| diovascular disease, 
| nephrolithiasis 
| Tmpan 39.7 meg. / 
| minute 
133 59 1.79 4. + 6.4 63.2) 6.7 652 334 555 | Coronary 
| thrombosis 
134. 49 1.94 5.9 {111 512 438 6.1 7.4 
136. 60 1.61 8.9 | 71.81 326 6.4 1 3.8 204 Nephrosclerosis 
42. 76.8) 423 6.3 337 6.0} 42 388 Tmpan 65.0 mg./ 
| minute 
139. 60 1.98 ++ | 11.2! 54.4} 242 6.1 512 5.6 4.8 442 Coronary 
_ thrombosis 
140. 64 1.90 7a. 7-1 6.1 463 8.1 466 Nephrosclerosis, 
nephrolithiasis 
141.{ 68 1.84 363) 6.0 468 409 | Nephrosclerosis, 
| | Tmpan 75.2 mg./ 
| minute 
142.; 58 1.94 +--+ 1361 5.9 460 5.4 6.7 407 Coronary throm- 
bosis, Tmpan 67.5 
| mg./minute 
144.; 65 1.66 +4 7.6 | 71.4] 289 5.4 194 Nephrosclerosis 
145.; 47 1.86 0 5.3 | 100 5.3 S00 
146 58 1.65 + 8.7 | 58.8| 202 5.1 414 | 4.7! 4.8 269 Nephrosclerosis 
147.; 59 1.89 zs 9.9 | 52.0! 230 5.1 495 4.7 5.2 476 | Nephrosclerosis, 
| | | cerebral thrombosis 
148. 53 1.67 i++-+| 6.1 | 81.4 5:0 407 | 4.6; 6.6 588 Nephrosclerosis 
149. 65 1.90 0 | 76.41: See 5.0 339. | 461 §.2 .... Nephrosclerosis 
150. 63 1-71 8.8; 50.4} 4.4 429 4:0 3.9 360 Nephrosclerosis 
NOTE: Furate = filtered urate load, Turate = calculated urate reabsorbed by the tubules, assuming no tubular 


excretion of urate. 


urate excretion figures cited represent means of 
determinations in at least two 24-hour collections. 
Hyperuricemic relatives of some of our gouty sub- 
jects also were studied to represent the gouty trait in 
the stage of asymptomatic “‘essential’’ hyperuricemia, 
before the onset of acute gouty arthritis. Data on the 
twenty-four hour urinary urate excretion while on a 
low purine, meat-free diet were obtained in five 
instances; one-hour renal clearances of urate and 
creatinine in six; and standard simultaneous clear- 
ances of inulin and urate in seven, in four of whom 


Cpan also was determined. 

The determinations of urate in urine and blood 
were made by a modification of the colorimetric 
method of Buchanan, Block and Christman incor- 
porating the use of uricase, with correction for non- 
urate chromogens in urine. The details of the method 
are given elsewhere [76], as is the evidence for satis- 
factory agreement with spectrophotometric measure- 
ment at my 292. Data on the incorporation of 
glycine-N!* into urinary urate in H. G. were obtained 
by the procedure previously described [70]. 
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RESULTS 
Glomerular Filtration Rate, Effective Renal Plasma 
Flow, Tubular Excretory Capacity (Tmpay). The 
inulin clearance was measured in 150 gouty 
subjects (Table 1), mean age forty-six years. 
Cinulin, Corrected to standard body surface area, 
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Fic. 2. Distribution of Cinuiin data in 150 gouty subjects. 
The presence of overt renal damage, as defined in the 
text, is indicated by cross-hatching. 


varied widely, from 134 to 47.3 ml./minute, 
mean 98.5 + 17.7 ml./ minute. The distribution 
of values, indicated in Figure 2, shows a pre- 
ponderance within the low normal range, and 
less than 90 ml./minute in forty-eight instances; 
a distribution in general agreement with that 
previously recorded by Coombs et al. [73]. 
Comparison with the distribution of Cjpulin 
data in non-gouty subjects of equivalent age [77] 
reveals a close general correspondence, par- 
ticularly in the older age groups with distinctly 
reduced mean Cjpuin. (Fig. 3.)* This suggests 
*In this comparison, some allowance probably 
should be made for the modest fall in glomerular filtra- 
tion rate, and particularly in renal plasma flow, which is 
apt to occur on a meat-free diet [78], taken by the gouty 
subjects but not by the nongouty subjects in question, 
and for the possibility of overcorrection when the body 
surface area of some of our grossly overweight gouty 
subjects was converted to standard (mean calculated 
body surface area in this series, 1.95 M?). In connection 
with the Cpay data, a tendency to higher packed red cell 
volume in gouty subjects also should be taken into ac- 
count in translating the results into renal blood flow. 
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that such decline in glomerular filtration rate as 
may occur in gouty subjects usually is not ascrib- 
able to the effects of gout per se but to degenera- 
tive changes in the renal vasculature associated 
with aging and related causes. In support of this 
interpretation is the finding that of twenty-three 


ISO 


z ? (10) 

(9) 4 (lO) 

ai f 
| + 

(54) 

(33) 

«= (2 


30-39 40°49 50-59 60-69 
AGE IN YEARS 

Fic. 3. Relation of Cinulin to age in 147 gouty subjects 
(solid dots) compared with normal subjects of correspond- 
ing age (hollow dots), taken from Davies and Shock [77]. 
The means and standard deviations of distribution are 
shown (dots) for each gouty and non-gouty group. The 
numbers in parentheses indicate the number of subjects 
in each group. 


patients with an inulin clearance less than 80 
ml./minute, fifteen were of advanced age or had 
essential hypertension or manifest coronary 
heart disease. 

Cpan was measured in 110 of these gouty sub- 
jects. (Table 1.) Figure 4 indicates the distribu- 
tion of the values (after correction to standard 
body surface area, range 722 to 208 ml./minute, 
mean 414 + 90.0 ml]./minute). A comparison 
with the distribution in non-gouty subjects of 
equivalent age [77], made in Figure 5, indicates 
a moderate but significant reduction in effective 
renal plasma flow (p < 0.01 in all age groups) in 
patients with gout. * That this reduction may be 
disproportionate to the glomerular filtration 
rate, at least in the more advanced age groups, is 
indicated by the calculated mean filtration frac- 
tions: ages twenty to twenty-nine years, 0.19; 
thirty to thirty-nine years, 0.23; forty to forty- 
nine years, 0.24; fifty to fifty-nine years, 0.25; 
sixty to sixty-nine years, 0.25. The significance 
of the apparent decline in renal plasma flow and 
the rise in filtration fraction in many of these 
cases is speculative. Arterial hypertension was 
present in about half of the patients with 


*See footnote in opposite column. 
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statistically significant increase in the filtration 


fraction. 
Tmpay was measured in fourteen gouty sub- 


jects. (Table 1.) The data, corrected to standard 


body surface area, indicate a mean of 62.3 + 
10.4 mg./minute (range, 74.7 to 39.7 mg./min- 


= 
J 


4 
300 400 500 600 
CPAH ML./ MIN. 


Fic. 4. Distribution of Cpay data in 110 gouty subjects. 
The presence of overt renal damage, as defined in the 
text, is indicated by cross-hatching. 


700 


ute), with a preponderance of values within the 
low normal range, and less than 60 mg./minute 
in three instances. The four patients in whom the 
lowest I[mpay values were obtained all had pre- 
sumptive renal vascular disease. The ratios 
Cinulin/ /Mpaw remained for the most part 
within the limits of normal variation [78], the 


mean value being 1.58 + 0.35. ‘The mean ratio 


Cpan/Tmpay was 6.63 + 1.49, suggesting re- 


duction (p < 0.01), attributable chiefly to low 


values in four patients with presumptive renal 
vascular disease. 

Excretion of Urate. The filtered urate load: Since 
the plasma urate may be assumed to be virtually 
wholly filtrable at the glomerulus [79], the 
quantity, milligrams urate filtered per minute, 
may be calculated as the product of the glomer- 
ular filtration rate (inulin clearance, ml./min- 
ute) and the plasma urate concentration 
(mg./ml.). 

The mean urate level in 105 apparently 
normal adult males, average age thirty-seven 
years, was found to be 5.6 + 1.3 mg. per cent 
(that of 103 normal adult females, average age 
thirty-seven years, was 4.3 + 0.9 mg. per cent). 
The mean inulin clearance of men in the forty 
to forty-nine year age group, according to Davies 


and Shock [77], is 121.2 + 23.3 ml./minute. The 
mean filtered urate load may therefore be esti- 
mated to approximate 6.8 mg./minute in normal 
adult males of the age span comparable to that 
of our gouty patients. Values of this magnitude 
were obtained by direct determination in non- 


(9) 
i (10) 
= 50Q (11) 
(10 
—J 

400+ 
= 


30°39 40-49 5059 6069 
AGE IN YEARS 


Fic. 5. Relation of Cpay to age in 108 gouty subjects 
(solid dots) compared with normal subjects of correspond- 
ing age (hollow dots), taken from Davies and Shock [77]. 
The means and standard deviations of distribution are 
shown for each gouty and non-gouty group. The numbers 
in parentheses indicate the number of subjects in each 
age group. (The data from Davies and Shock refer to 


gouty subjects. In forty-nine adult males, one- 
hour urate and creatinine clearance measure- 
ments gave an estimated mean filtered urate 
load of 6.7 + 1.4 mg./minute. In twelve adult 
males, urate and inulin clearance measurements 
by standard technics gave an estimated mean 
filtered urate load of 6.3 + 1.4 mg./minute. 

The distribution of plasma urate levels in 150 
gouty subjects (Table 1) is indicated in ‘Table u. 
The range is 5.3 to 13.7 mg. per cent, mean 
9.0 + 1.4 mg. per cent. It should be noted that 
these values reflect more or less decline resulting 
from the dietary restriction imposed prior to 
study (cf. 20); this, in five instances, resulted in 
plasma urate levels below 6.5 mg. per cent, our 
arbitrarily defined lower limit of hyperuricemia 
by the analytic method emploved. In fifteen 
instances the serum urate level persisted in 
excess of 11 mg. per cent despite the dietary 
restriction. 

The distribution of the figures for filtered 
urate load in these 150 gouty subjects is indicated 
in Table u. The range is 4.4 to 17.6 mg./minute, 
mean 10.1 + 2.8 mg./minute. (Table 1.) In a 
similar study based on one-hour urate and creati- 
nine clearance measurements in sixty-four addi- 
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TABLE U 
RELATION OF PLASMA URATE LEVEL TO FILTERED URATE LOAD IN 150 GOUTY SUBJECTS 


| | 


Plasma 
Urate | No. | 
5.3-5.9 2 1 ] ha 
6.0-6.9 | 6 2 3 1 
7.0-7.9 24 3 4 5 
8 0-8 .9 44 3 7 
9. 0-9.9 37 1 2 10 
10.0-10.9 22 3 
11.0-11.9 11 1 2 
12.0-13.7 4 
Lotal 150 10 18 28 


Filtered Urate Load (mg./min.) 


4.4-5.9  6.0-7.4) 7.5-8.9 | 9.0-10.4 | 10.5-11.9 | 12.0-13.4 | 13.5-14.9 15.0-16.4 | 16.5-17.6 


| 


NY 
UI 


Ot. 
NM 


16 


uuonal gouty subjects the mean estimated filtered 
urate load was 11.6 mg./minute. 

The substantial elevation of the plasma urate 
in these patients, combined with a relatively 
minor decline in glomerular filtration rate, as is 
characteristic of uncomplicated gout, thus re- 
sults in a general increase in the filtered urate 
load, more pronounced in patients with serum 
urate levels above 8 mg. per cent. (Table um.) 
[In 55 per cent of the 150 gouty subjects included 
in lable 1 the filtered urate load was in excess 
of 9.5 mg./minute (2 standard deviations above 
the normal mean); in twenty-one others it was in 
the range of 13.0 to 14.9 mg./minute and in 
seven the filtered urate load was in excess of 
15 mg./minute. A similar distribution was ob- 
tained in the series of sixty-four additional gouty 
subjects. In both series, a filtered urate load 
within the low normal range, despite increased 
plasma urate levels, was usually associated with 
advanced age or systemic vascular disease pre- 
sumed to affect the renal vasculature and result- 
ing in a substantially reduced glomerular filtra- 
tion rate. 

Rate of urinary urate excretion: UV urate in sixty- 
one non-gouty adult males, average age forty- 
one years, varied from 239 to 875 ug./minute, 
mean 493 + 159 ywg./minute. In 150 gouty 
subjects the range of UVurate was much wider, 
245 to 1657 uwg./minute, mean 663 + 235 ug./ 
minute. The distribution of these values is 
indicated in Table m1. It is evident that UV, 
in most cases (78 per cent) was within 2 standard 
deviations of the normal mean, varying from 200 
to 800/ug./minute. The distribution is dis- 
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tinctly skewed however; in the balance of cases, 
22 per cent, UVurate was greater than 800 yg./ 
minute—the rate of urinary excretion of urate in 
these instances was unequivocally in excess of 
the normal. 

The data in twelve non-gouty and 150 gouty 
subjects, all studied by standard clearance tech- 
nics, are plotted in Figure 6. There are 57 points 
representing gouty subjects whose filtered urate 
load was within the range of the mean +2 
standard deviations (3.5 to 9.3 mg./minute) 
since, despite elevated serum urate levels, their 
glomerular filtration was markedly reduced— 
about one-third of these patients had overt renal 
damage. Their UVyurate too was almost invaria- 
bly within the limits of the normal mean +2 
standard deviations (303 to 791 ywg./minute). 
In most of the gouty patients with filtered urate 
loads somewhat in excess of this range, U Vurate 
also was within normal limits but when the 
filtered urate load presented to the tubules rose 
beyond 10 mg./minute an increasing number of 
patients excreted excessive quantities of urate. 

The relation of Pyare to UVurate (Table mr) is 
of interest in this connection. Considering the 
data in Table 1 as a whole, the correlation is 
not statistically significant. However, if the 
heterogeneous case material is segregated into 
appropriate groupings, it is possible to discern 
certain relationships. Thus it will be noted in 
Table mm that of thirty-three patients whose rate 
of urinary urate excretion was excessive (> 800 
ug./minute) only two (6 per cent) had a plasma 
urate level less than 8 mg. per cent, as compared 
with 21 per cent below 8 mg. per cent for the 
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FILTERED URATE LOAD MG/MIN. 
Fic. 6. Relation of UVurate to filtered urate load in twelve non-gouty (hollow dots) and 150 gouty 


subjects (solid dots). The normal means +2 standard deviations of distribution are indicated. The 
broken line at 800 ug./minute indicates the normal mean UVurate + 2 standard deviations of 


distribution. 


150 gouty subjects as a whole. The mean plasma 
urate level of the thirty-three patients in question 
was 10.2 mg. per cent, that of the remaining 
11/7 cases 8.7 mg. per cent. At the other end of 
the scale, there were seven subjects, for the most 
part with overt renal damage, whose U Vurate was 
less than 350 wg./minute; the mean plasma urate 
level in this group was 8.2 mg. per cent. 
Presumptive tubular reabsorption of urate: Assum- 
ing no tubular secretion of urate (an assumption 
which may require later modification), the 
quantity of filtered urate reabsorbed by the 


tubules may be equated to that amount which is 
filtered but not excreted. In twelve non-gouty 
adult males, the urate reabsorbed was calculated 
from standard clearance data to range from 3.7 
to 7.6 mg./minute, mean 5.8 + 1.4 mg./min- 
ute. In forty-nine non-gouty adult males, in 
whom one-hour urate and creatinine measure- 
ments were made, the mean was 6.2 + 1.4 
mg./minute. 

Tubular reabsorption of urate, Tyrate, WaS estl- 
mated in 150 gouty subjects studied by standard 
clearance technics. (Table 1.) The figures 


TABLE UI 
RELATION OF PLASMA URATE LEVEL TO UVurate IN 150 GOUTY SUBJECTS 


uate (ug. /min.) 


Plasma t | 
Urate | , 
(mg. %) | Cases | | | | | | | | | 
| 245-349 | 350-499 | 500-649 | 650-799 | 800-949 | 950-1099 1100-1 249'1250-1399' 1400-1657 
| | | | | 
6.0-6.9 6 1 1 2 1 1 | 
7.0-7.9 23 9 6 6 
8 .0-8.9 45 4 10 19 9 é | 
9.0-9.9 38 6 12 4 
10.0-10.9 21 6 3 3 3 
11 ,0-11 .9 10 2 2 4 | | 
12.0-13.7 4 1 1 
otal 150 7 31 45 34 12 13 4 3 1 


| | | 
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indicate wide variation, from 4.0 to 16.6 mg./ 
minute, with a mean of 9.5 + 2.6 mg./minute. 
The distribution of these data is shown in Fig- 
ure 7. 

Figure 8 clearly demonstrates that, within the 
limits of filtered urate load encountered in our 
gouty subjects, the magnitude of urate reab- 
sorbed by the tubules is a linear function of the 
magnitude of the filtered urate load presented to 
the tubules. It will be noted that the distribution 
of points representing gouty subjects, in the 
normal range of filtered urate load, is not dis- 
cernibly different from that of the points 
representing non-gouty subjects. 

The Urate Clearance. Curate Was estimated 
in forty-nine non-gouty men by one-hour urate 
and creatinine measurements and in twelve non- 
gouty men in the course of standard clearance 
procedures. The mean Cyrate in these sixty-one 
non-gouty males was 8.7 + 2.5 ml./minute, 
range 4.1 to 15.1 ml./minute. (The mean Cyrate 
of fifty-two non-gouty females was 9.2 + 2.7 
ml./minute, range 4.4 to 16.5 ml./minute.) In 
sixty-four male gouty subjects the mean Curate 
obtained by one-hour urate and creatinine 
measurements was 7.1 + 1.5 ml./minute, range 
2.8 to 13.9 ml./minute. In 150 male gouty 
subjects studied by standard clearance technics 
(Table 1) the mean Cy,ate was found to be 7.5 + 
2.4 ml./minute, range 2.8 to 14.4 ml./minute. 
The distribution of the combined data for Cyrate 
in the 214 gouty patients is illustrated in Figure 
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9 which indicates a spread almost in its entirety 
within 2 standard deviations of the normal mean. 

The clearance of urate is calculated by the 
expression UVurate/Purate and it therefore is the 
resultant of multiple factors which in gouty 
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Fic. 7. Distribution of magnitude of urate reabsorbed by 
the tubules, mg./minute, in 150 gouty subjects. 


subjects interact in particularly complex re- 
lationships. Some of these factors have already 
been discussed in connection with UV urate and 
its relation to the filtered urate load (i.e., glomer- 
ular filtration rate and plasma urate concentra- 
tion) and to tubular reabsorption of urate. The 
marked variations in the level of Purate in gout 
often are critical in determining Cyrate. Thus 
when Pyurate is unusually high (>10 mg. per 
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Fic. 8. Relation of urate reabsorbed by the tubules, mg./minute, to filtered urate load 
in twelve non-gouty (open circles) and 150 gouty subjects (heavy circles). The diagonal 


line indicates 100 per cent reabsorption. 
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cent), Curate may be low; but if UV urate also is 
very high, as usually occurs under these circum- 
stances, Curate exceeds or approximates the mean 
normal Cyrate Value. When Pyurate is but little 
or only moderately elevated above the normal, 
UV urate IS apt to be within the normal range of 
NORMAL 


30_ 


25— 


NO. CASES 
| 


CURATE ML./ MIN. 

Fic. 9. Distribution of Curate in 214 gouty subjects, in 

relation to the normal mean +2 standard deviations of 

distribution. 


variation; consequently Curate 18 usually within 
the lower limits of normal variation. 

Curate/ Cinulin Ratios. ‘The mean Curate, Cinulin 
(or Cyrate/Cereatinine), eXpressed in percentage, of 
the sixty-one non-gouty males referred to in 
connection with the urate clearance was 7.6 + 
2.4 per cent. In 150 gouty subjects the mean was 
6.8 + 2.1 per cent, range 3.0 to 12.7 per cent. 
The distribution of values for the clearance 
ratios was similar, although shifted downward 
somewhat, to that shown in Figure 9 for Curate. 
as anticipated in view of the previous discussion 
of inulin clearances in these patients. Again, the 
overlap with the normal limits of variation is 
marked, and the spread is almost in its entirety 
within 2 standard deviations of the normal mean. 

If it be assumed that no tubular excretion of 
urate occurs, the Cyrate/Cinulin ratio expresses 
the percentage of filtered urate load which 
is excreted. The quantity, 1 — Cyrate/Ciautin, 
would then indicate the percentage of filtered 
urate load which is reabsorbed. In sixty-one 


non-gouty subjects the mean figure so calculated 
was 91.9 + 2.3 per cent, range 87.5 to 96.0 per 
cent. In 150 gouty subjects the mean was 93.1 + 
2.0 per cent, range 87.3 to 97.0 per cent. The 
distribution (Fig. 10) shows marked overlap 
within 2 standard deviations of the normal mean, 
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Fic. 10. Distribution of per cent of filtered urate load re- 
absorbed by the tubules in 150 gouty subjects, in relation 


to the normal mean +2 standard deviations of distribu- 
tion. 


NO. 


with a skew toward higher percentages of re- 
absorption; the difference from the normal dis- 
tribution, however, is not statistically significant 
(p > 0.7). A plot of 1 — Cyrate/Cinutin against 
the filtered urate load failed to disclose any 
distinct trend in percentage urate reabsorbed as 
the filtered urate loads increased. This conclu- 
sion may be inferred from Figure 8. 

Twenty-four Hour Urinary Urate Excretion. The 
rate of urinary urate excretion, UVurate, has 
already been considered in connection with urine 
collections of about one hour, in the course of 
clearance measurements. [The data on twenty- 
four-hour urine collections, which include the 
period of nocturnal decline in urinary urate 
excretion, are in good general agreement. Addi- 
tional points of interest, however, are brought 
out. 

The mean twenty-four-hour urinary urate 
excretion in sixteen normal adult men, average 
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TABLE IV 
URINARY URATE EXCRETION IN NORMAL SUBJECTS 


Subjects Diet 


Investigator 
_(no., sex, | 


Urinary Urate | 
(mg./24 hr.) | 


| Analytic Method 


Range | 


Mean | 


, M, 25-36 free | 
| low purine 


Folin, Berglund, 
Derick (1924) [4] 


425-605 | 509 


Colorimetric (Folin method) 


Bréchner-Mortensen 8, M, 14-60 | Meat-free 269-532 | 374 _Ferricyanide and iodometric titration 
(1940) [27] | 12. F, 15-50 | purine-free | 293-477 | 374 | 
Friedman, Byers 6, M, 23-36 | Purine-free | 360-438 | 390 Not specified 


(1950) [7] | | 

Gutman, Yii (1952) = 13, M, 30-63. Meat-free, 
9) low purine | 

Crone, Lassen (1956) | 53, M, Low purine | 
[22 F | | 

Dubbs, Davis, Adams 10 | 
(1956) 

Sandberg, Cartwright, 10, M, 
Wintrobe (1956) (7, F 
[24] | 


| 360-438 | 416 + 68 
| 


Low purine | .... 


Low purine | 320-460 | 410 
276-435 


Colorimetric (modified Buchanan-Block- 
Christman method) 


401 + 42 | Ultraviolet spectrophotometry (Prae- 
321 + torius method) 
... | 583 + 81 | Ultraviolet spectrophotometry (modi- 


| fied Praetorius method) 
Ultraviolet spectrophotometry (Prae- 
383 | torius method) 


age forty-six years, was 418 + 70 mg. The 
range was 308 to 533 mg./twenty-four hours. 
These values are in general accord with the 
collective data in the literature. (Table tv.) 

The mean urinary urate excretion of 300 
subjects with overt gout (average age, fifty 
vears) was 497 mg./twenty-four hours. The 
range, 190 to 1520 mg./twenty-four hours, was 
strikingly wide. The distribution (Fig. 11) indi- 
cates that, in conformity with previous reports, 
the twenty-four-hour urinary urate excretion in 
most gouty subjects is within the normal range— 
200 cases (67 per cent) fall within the range 278 
to 558 mg./twenty-four hours, or 2 standard 
deviations beyond the normal mean—and there 
are a few cases (thirteen or 4.3 per cent) in which 
excretion is less than normal (range 190 to 278 
mg.). However, there is a marked skew in the 
distribution curve to the right. In eighty-seven 
cases (29 per cent) the twenty-four-hour urinary 
excretion exceeded 558 mg., our normal mean 
plus 2 standard deviations, and in fifty-four cases 
(18 per cent) it exceeded 628 mg., our normal 
mean plus 3 standard deviations. 

It is apparent that, while the magnitude of 
urinary urate excretion in most patients with 
gout is within the rather broad limits of normal 
variation, unequivocally excessive urate excre- 
tion occurs in a sufficiently large minority to 
make up a significant segment of the whole— 
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this is not an occasional anomaly. Analysis of 
the characteristics of these ‘“‘overexcretors”’ 
which, for the purpose of discussion we shall 
limit arbitrarily and perhaps too conservatively 
to the fifty-four most striking cases, is of interest. 
The group included conspicuously few patients, 
four of fifty-four, with overt renal damage. 
(Fig. 9.) They were, for the most part, in the 
relatively younger age periods, averaging forty- 
five years as against fifty-one years in the remain- 
ing 246 patients. There was much overlap in this 
respect, however, as Table v demonstrates; it is 
an oversimplification to relate the magnitude of 
urinary urate excretion solely to the age of the 
patient. An occasional younger gouty patient has 
a fulminating course with precocious develop- 
ment of impaired renal function, or unrelated 
renal lesions may develop; on the other hand, 
most gouty subjects maintain good renal function 
until late in life. The serum urate level tended to 
be high (mean of 54 overexcretors, 9.8 mg. per 
cent; mean of 246 others, 9.0 mg. per cent). In 
the overexcretors the mean duration of manifest 
gout at the time of study was 9.7 years, as com- 
pared with 8.3 years in the remaining 246 cases. 
This difference was related to earlier onset of 
overt disease, i.e., acute gouty arthritis (mean 
age at onset in 54 overexcretors, thirty-five years; 
mean age at onset in the remaining patients, 
forty-one years). There was a lower incidence 
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Fic. 11. Distribution of urinary urate excretion, mg./24 hours, in 300 gouty 
subjects, in relation to the normal mean +2 standard deviations of distribution. 
The incidence of overt renal damage, as defined in the text, is indicated by 


cross-hatching. 


of visible tophi in the 54 overexcretors, 38 per 
cent, as opposed to 48 per cent in the other 246 
cases, and the magnitude of obvious tophaceous 
deposit was distinctly less; this presumably was 
related to the larger quantities of urate excreted. 


TABLE V 
AGE DISTRIBUTION OF FIFTY-FOUR ““OVEREXCRETORS 
(Twenty-four-hour urinary urate excretion > 628 mg. or 
3 standard deviations above the normal mean) 


Urinary Urate Excretion (mg. /24 hr.) 


tests previously indicated. [he mean twenty- 
four-hour urinary urate excretion in these sixty- 
five patients was 392 mg. (range 190 to 751 mg. 

twenty-four hours), as compared with a mean ol 
526 mg./twenty-four hours in the remaining 
235 gouty subjects. Although comprising only 
about 20 per cent of the total number of patients, 
the sixty-five cases in question made up 40 per 
cent of the patients who excreted less than the 
mean normal figure of 418 mg./twenty-four 
hours, and only 11 per cent of the 186 patients 
who excreted more than the mean normal figure. 


Age | No. | 
(yr.) | Cases | | | + 
| | | 628-699 | 700-799 | 800-899 | 900-999 | 1000-1520 Of the thirteen patients excreting less than 278 
| mg. urate/twenty-four hours (the mean normal 
| | ? lati 
figure minus 2 standard deviations) all but one 
2 3 3 had overt renal damage, including all three of 
40-49 24 | 4 6 2 1° . . 
the patients in the lowest category (190, 194 and 
60-69 | 4 1 0 204 mg./twenty-four hours, respectively). Eight 
of these thirteen patients were over sixty years of 
Fotal | 54 28 12 | ) 4 


i 


Considering now the patients at the other 
extreme of urinary urate excretion, those whose 
output was low, analysis of the data emphasizes 
the critical significance of superimposed renal 
damage. Of the 300 gouty subjects, sixty-five 
gave evidence of kidney damage by the routine 


age (mean age, sixty-six years; range fifty-three 
to seventy-eight years) and most of them had 
indication of vascular disease such as hyper- 
tension or myocardial infarction. 

Of interest is the relationship of renal damage 
to the development of tophi. Of the 235 patients 
free of overt renal damage some 33 per cent 
exhibited tophi, whereas tophi were present in 
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/1 per cent of the patients with renal damage, 
one-third of the latter group having extensive 
tophaceous deposits. Figure 12 brings out the 
point that after the age of fifty the incidence of 
tophi is significantly greater when renal damage 
is present than when it is absent. 


100+ 


@ 


% CASES WITH TOPHI 


20 30 40 50 60 70 80 
AGE IN YEARS 


Fic. 12. Relation of incidence of visible tophaceous 
deposits to age in sixty-five gouty subjects with overt 
renal damage (solid dots), and 235 gouty subjects without 
apparent renal damage (hollow dots). 


Decline in Twenty-four-Hour Urinary Urate Excre- 
tion in Patients under Observation for Long Periods. 
The foregoing observations suggest, what has 
long been suspected, that with deterioration of 
renal function as a result of age and/or disease 
the daily output of urate in gouty subjects is apt 
to decline. In exceptional instances this may be 
perceptible over relatively short periods, three to 
six vears, and we have been able to document 
such a progressive course in a few cases. The 
observed decrease occasionally was sufficient to 
reduce the urinary urate excretion from un- 
equivocally excessive to within the upper limits 
of normal variation, or from within the upper 
limits to within or below the lower limits of the 
normal range. In some but not in all instances 
this decline could be clearly related to the ap- 
pearance or progress of overt renal damage. 
The following cases are illustrative. 


H. G. when first seen at age thirty-nine had had re- 
current acute gouty arthritis for fourteen years but 
tophi had not developed. No renal abnormality could 
be demonstrated then or since by any of the criteria 
employed, including repeated clearance studies. 
Yet his urinary excretion of urate, while on a basal 
diet, fell progressively from a mean of 972 mg. /twenty- 
four hours at age thirty-nine to a mean of 695 mg., 


ocToBerR, 1957 


615 


twenty-four hours at age forty-four; the mean serum 
urate level, initially 10.5 mg. per cent, remained 
essentially unchanged at a level of 10.8 mg. per cent. 
During this time tophi began to appear, indicating an 
increasing tissue urate pool. Urate biosynthesis con- 
tinued at the same (excessive) rate, as shown by 


ATOM % EXCESS N'> (URINARY URIC ACID) 


5 40 16 '20 28 
DAYS 


Fic. 13. Rate of incorporation of glycine N** (100 mg./ 
kg. body weight, in a single oral dose) into urinary urate 
in H. G. Hollow dots, October, 1951 [70]; solid dots, 
January, 1957. 


repeated measurements of glycine-N!° incorporation 
into urate (Fig. 13), thus demonstrating that the fall 
in urinary urate excretion was not due to any decline 
in the magnitude of urate formation. 


S. T. gave a long history of recurrent acute gouty 
seizures. When first seen at age forty-two he had for 
years had essential hypertension (blood pressure 
160/100 mm. Hg) and presented with renal damage 
attributable to arteriolosclerosis and/or pyelonephri- 
tis secondary to repeated attacks of nephrolithiasis. 
There was 2 plus proteinuria and cylindruria with 
occasional red and white blood cells in the urinary 
sediment; the serum non-protein nitrogen was 42 mg. 
per cent; urinary concentrating power was impaired, 
phenolsulfonphthalein excretion was delayed. Despite 
renal impairment he excreted an average of 700 mg. 
urate/twenty-four hours while taking a low purine, 
meat-free diet. The serum urate was 12.7 mg. per 
cent. Extensive tophi were present; these responded 
slowly to uricosuric therapy which increased the 
urinary urate output to about 1,000 mg./twenty-four 
hours. At age forty-five his manifestations of gout were 
much improved but the hypertension had increased 
to 180/120 mm. Hg. Although the criteria of renal 
damage were not appreciably worsened, the urinary 
urate excretion, months after withdrawal of uricosuric 
drugs, had fallen to a mean of 444 mg./twenty-four 
hours. The mean serum urate level had increased to 
14.3 mg. per cent. 
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TABLE VI 
RESULTS OF RENAL CLEARANCE STUDIES IN THIRTEEN HYPERURICEMIC MEMBERS OF GOUTY FAMILIES 
(Arranged in descending order of filtered urate load, Furate. Values not corrected to standard body 
surface area) 


Body 


Age | Surface oe a | Cpan 
No. | (yr.), | Area | Purate | (ml./ 

Sex | (sq. | (mg. %) | (m / min.) 

min.) 
meter) 

17,Mj{ 2.00 9.9 135 735 
>. 26, M 2.42 7.9 141 
4.¢ | 17, M 1.96 6.2 182 799 
18, M 2.01 7.0 146 
6 18, M 2.17 tae 142 840 
7 20, M 1.86 6.4 158 693 
| 45, M 2.04 7.8 108 * 
9 29, M 1.85 7.9 a2” 
10 30, M 1.88 6.5 135 
11 32, M 1.83 ~ 145* 
12 27, F 1.50 6.8 95.9* 
13.3 | 40, F 1.80 5.8 100* 


F urate UVurate Terate CCurate Urinary 
| Urate 

(mg. / (ue. / (me. / (ml. / 
min.) min.) min. ) min.) 24 hr.) 
640 12.9 6.2 655 
13.4 690 12.7 7.0 660 
11.4 579 10.8 7.4 7 
11.3 755 10.5 12.2 461 
10.2 457 9.7 6.6 

10.2 620 9 6 8.6 a 
10.1 570 9.5 548 

9.8 618 9.2 7.9 

8.9 510 8.4 6.5 

8.8 538 8.3 8.3 472 

8.6 439 8.2 7.4 

6.5 355 6.1 5.2 

5.8 670 5.1 11.6 


* Coreatinine. siblings. 


J. L., long subject to recurrent acute gouty attacks, 
gave no evidence of renal damage when first seen at 
the age of fifty-five. His phenolsulfonphthalein excre- 
tion was 67 per cent in two hours and the serum non- 
protein nitrogen was 31 mg. per cent. He excreted an 
average of 527 mg. urate/twenty-four hours, with a 
serum urate level of 9.8 mg. per cent, while taking a 
basal diet. Moderately extensive tophi were present. 
While prophylactic colchicine controlled the acute 
gouty attacks, he did not respond to large doses of 
uricosuric agents; the tophi remained unchanged. 
In the meantime, hypertension developed and his 
renal function became impaired. At age fifty-eight, 
renal clearance studies showed an inulin clearance 
of 69.5 ml./minute and the para-aminohippurate 
clearance was 293 ml./minute. The average urinary 
urate excretion had fallen to a mean of 424 mg./ 
twenty-four hours, and the mean serum urate level 
had risen to 11.5 mg. per cent. 


Renal Regulation of Urate Excretion in Hyper- 
uricemic Members of Gouty Families. In order to 
study the earliest recognizable phase of the gouty 
trait, renal clearances were measured in thirteen 
hyperuricemic members of eleven gouty fami- 
lies;* none had yet suffered an attack of acute 
gouty arthritis. Four male subjects were still in 


*In three subjects (Cases 4, 7 and 11) the plasma 
turate at the time of studyhad declined somewhat below 
heir usual hyperuricemic level in response to prior 
dietary restriction. 


their teens, not long past puberty when hyper- 
uricemia in the male usually first appears | 25}. 
data are summarized in Table vi. 
(or Coreatinine) and Cpay, when corrected to 
standard body surface area, were for the most 
part within the limits of normal variation for the 
age groups represented. The filtered urate load, 
in consequence of the elevated plasma urate 
level and normal glomerular filtration rate, was 
in excess of the normal mean in all of the eleven 
males. Tyrate Was Correspondingly but not dis- 
proportionately high. The UVurate varied from 
439 to 755 wg./minute in the eleven males, with 
a mean of 583 + 90 uwg./minute; higher than the 
mean of non-gouty subjects (493 + 159 yug./ 
minute) but lower than that of our series of 150 
patients with manifest gout (663 + 235 ug./ 
minute). The twenty-four-hour urinary urate 
excretion exceeded 628 mg. (the normal mean 
plus 3 standard deviations) in two of five 
instances—they may be classified as unequivocal 
overexcretors. Cyrate varied from 6.2 to 12.2 
ml./minute in the eleven males. 


COMMENTS 


Renal Regulation of Urate Excretion in Normal 
Man. It appears now to be generally accepted 
that the plasma urate is virtually wholly filtrable 
at the glomerulus and that the filtered urate load 
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may be taken to be the product of the glomerular 
filtration rate and the plasma urate concentra- 
tion. In normal adult man the filtered urate load is 
thus calculated to be of the order of 6 or 7 mg./ 
minute. About 0.5 mg. urate/minute is excreted 
in the urine. The deficit, which appears to be 
approximately 92 per cent of the filtered urate, is 
attributable to reabsorption in the tubules. 

If the filtered urate load is increased in normal 
inan by intravenous infusion of urate, tubular 
reabsorption of urate increases pari passu until a 
maximum rate of reabsorption is reached, be- 
yond which no significant reabsorption occurs 
with further increase in the filtered load | 26). 
This pattern indicates that tubular reabsorption 
of urate is effected by an “‘active’’ process of 
limited capacity, presumably enzymatic. The 
mean [my,-ate in normal man has been estimated 
by Berliner et al. | 26] to be of the order 15 mg./ 
minute /1.73 M?* body surface area. The nature 
of the transport mechanism for tubular reab- 
sorption of urate has not been further elucidated. 


It is curious that uric acid, a metabolic end-product 
of no apparent utility, should be so sedulously con- 
served by renal tubular reabsorption in man, who 
possesses no uricase. Perhaps this is an evolutionary 
vestige, since reabsorption of urate in most mammals 
presumably is for the purpose of conversion to allan- 
toin. However, it must be remembered that if urate 
were not very largely reabsorbed, the concentration of 
urate in the urine would be such as to make calculus 
formation inevitable. 


It is apparent that excretion of urate normally 
occurs at filtered urate loads far smaller than the 
tubular capacity for reabsorption of urate. Con- 
sequently, as Berliner et al. | 26] pointed out, the 
Tmyrate Per Se cannot be considered to determine, 
at least directly, the magnitude of urate excre- 
tion. The nature of the immediate excretory 
mechanism remains obscure. 

Renal Regulation of Urate Excretion in Gout. 
The plasma urate in the hyperuricemia of gout 
also is virtually wholly filtrable [79], and the 
filtered urate load again may be assumed to be 
equivalent to the product of the inulin clearance 
and the plasma urate concentration. The inulin 
clearance in gouty subjects is apt to be some- 
what reduced, for the most part commensurate 
with their age but sometimes more markedly 
because of the presence of renal vascular disease 
unrelated or related to gout. The elevation of 
plasma urate, however, usually is such that the 
filtered urate load in most cases exceeds the 
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upper limit of normal variation. In the present 
study of 150 cases by standard clearance technics 
the mean Cjpyiin was 98.5 + 17.7 ml./minute 
(corrected to standard body surface area), the 
mean plasma urate was 9.0 + 1.4 mg. per cent, 
and the mean filtered urate load was 10.1 + 2.8 
mg./minute, with a broad range of variation 
from 4.4 mg./minute to as high as 17.6 mg./ 
minute. (The filtered urate loads were calculated 
from uncorrected inulin clearances. ) 

The tubular reabsorption of urate in gouty 
subjects, in the face of these increases in filtered 
urate loads, may be compared with the tubular 
reabsorption of urate in normal human subjects 
in whom the filtered urate load has been arti- 
ficially augmented by intravenous infusion of 
urate. (In the experiments in normal man [26], 
successive points on the titration curve of in- 
creasing filtered urate loads were obtained in 
individual subjects by sustained infusion; in the 
observations on gouty patients, each patient 
represents a single point in a collective ascending 
“titration curve’ comprising many patients.) 
In gouty subjects, as in normal subjects, the 
tubular reabsorption of urate increases directly 
with increase in the filtered urate load, and 
apparently in the same degree. (Table 1, Fig. 8.) 
There is no indication in Figure 8 of a flatten- 
ing out of the urate reabsorption curve even at 
the highest filtered urate loads encountered (up 
to 17.6 mg./minute); i.e., no clear evidence of 
complete saturation of the tubular reabsorptive 
capacity for urate in these cases, the Tmyrate Was 
not reached. As in normal subjects [26], there 
appears to be slightly more splay in the higher 
ranges of the “‘titration curve,’ attributable to 
disparity in ‘“‘glomerular-tubular balance” 
| 78). 

In contrast to the regular relation of Tyrate to 
Furate, the relation of excreted urate (whether 
measured as UVurate in short clearance experi- 
ments or as twenty-four-hour urine collections) 
to the filtered urate load is unpredictable. (Table 
1, Fig. 6.) For the most part, there was striking 
independence of these two quantities (Fig. 6), 
UVurate remaining within the bounds of the 
normal mean +2 standard deviations over a 
wide range of filtered urate load. However, 
when excessive urinary urate excretion (the 
incidence and significance of which already 
has been commented upon) did occur, it was 
associated, in general, with inordinately high 
plasma urate levels and abnormally large filtered 
urate loads. Relatively low filtered urate loads 
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were associated for the most part with relatively 
low or reduced urinary excretion of urate. 

The measurable parameters of renal function 
in gouty subjects, notably in their younger 
years but also often with advancing age, are 
usually commensurate with those of their non- 
gouty fellows at the same time of life. However, 
there is some predisposition to renal disease 
which, as has long been appreciated, is an impor- 
tant cause of death in gout. In the present series 
of 300 patients, sixty-five gave evidence of overt 
renal damage. The relation to age (and duration 
of disease) is indicated by the following inci- 
dence: overt renal damage was present in 92 per 
cent of those in the eighth decade, 40 per cent 
of those in the seventh, 24 per cent in the sixth, 
10 per cent in the fifth, 2 per cent in the fourth 
and in none of those in the third decade. This 
predisposition to renal damage, and its age dis- 
tribution, is readily understandable as related to 
the degenerative vascular changes of advancing 
years, arteriolosclerosis associated with hyper- 
tension, pyelonephritis resulting from calculus 
formation and infection, as well as to direct 
injury by cumulative urate deposits in and 
around the renal tubules and collecting sys- 
tem [27-29]. 

As Garrod [30] made clear, and others [{ 74,37] 
have since emphasized, the most common indica- 
tions of early renal damage in gout are inability 
to concentrate solids (and isosthenuria) and a 


trace of protein in the urine sometimes accom- 


panied by a few granular casts; delay in excre- 
tion of phenolsulfonphthalein is a characteristic 
accompaniment. Many years later, proteinuria 
may become more abundant, the urine volume 
may decline and retention of urea may occur; 
these, as Garrod [30] recognized, are signs 
that portend poorly for the patient. 

This sequence of events suggests that the early 
manifestations of renal impairment are due 
principally to tubular damage, referable to the 
tubular and interstitial urate deposits, and 
associated infection and vascular changes, found 
at necropsy [27-29]; the results of our clear- 
ance studies (Table 1) are compatible with this 
interpretation. Later, however, in consequence 
of deterioration in the renal vasculature asso- 
ciated with aging and/or disease, the glomerular 
filtration rate begins to decline and the filtered 
urate load may be reduced. At this point renal 
retention of urate, and eventually of other non- 
protein nitrogen components, becomes apparent. 
Our data provide a sufficiency of evidence to 
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support the view [73] that this increase in hyper- 
uricemia is a consequence, not a primary cause of 
gout, complicating the ravages of age. 

It is relevant in this connection to note that 
the incidence and severity of tophaceous deposit 
in older gouty patients with overt renal damage 
is significantly higher than in those apparently 
not so burdened. (Fig. 12.) This reflects ac- 
celerated expansion of the body pool of urate 
what Garrod referred to as ‘‘a vicarious 
discharge of urate of soda,’ which presumably 
occurs if renal retention of urate is superim- 
posed upon overproduction of urate. Another 
possible avenue of vicarious discharge may be the 
gastrointestinal tract, the ‘“‘enterotropic”’ excre- 
tory route, which normally is believed to account 
for 40 to 70 mg./day, or 10 to 15 per cent of the 
normal urinary urate excretion [33]. It is further 
possible that under these circumstances the 
limited uricolysis in man, estimated to account 
for about 25 per cent of the daily turnover of 
urate [34], may be augmented. 

Role of Tubular Reabsorption of Urate in the 
Pathogenesis of Gout. Thannhauser [35] has 
suggested that the hyperuricemia and clinical 
manifestations of gout are due to an inborn error 
characterized by increased tubular reabsorption 
of uric acid; the error being compounded by 
man’s innate lack of uricase to degrade the 
excessively reabsorbed urate. This proposal will 
be recognized as a restatement, in more modern 
terms, of Garrod’s position | 7}. 

The severe limitations of current clearance 
technics make proof or disproof of this view 
difficult. The magnitude of urate reabsorbed by 
the tubules is estimated indirectly, by difference, 
and involves subtraction of a small quantity 
(UVurate) from a large quantity (the filtered 
urate load). Moreover, a slight increase in 
reabsorbed urate, far too small to be detected by 
clearance methods, would, in the course of time, 
markedly increase the plasma urate level and 
profoundly affect the course of gout; in fact, if 
sufficiently continued would, in due course, 
completely ossify the patient to one huge tophus! 

Granting all this, the data do suggest certain 
conclusions which appear to rest upon a reason- 
able basis of probability. ‘They indicate that the 
quantity of urate reabsorbed by the tubules in 
most gouty subjects is indeed greater than nor- 
mal, in fact may be more than twice the amount. 
This, as already indicated, is due to the circum- 
stance that the filtered urate load presented to 
the tubules usually is so much larger than in 
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normal man (unless receiving an intravenous 
infusion of urate); consequently, as in normal 
man, tubular reabsorption of urate is increased. 
When the filtered urate load is normal or even 
reduced, due to decrease in glomerular filtration 
rate, the quantity of urate reabsorbed in gouty 
subjects is in the normal range or somewhat 
reduced. (Fig. 8.) So far as can be determined, 
the percentage of filtered urate reabsorbed in gout 
appears not to be (statistically) significantly dif- 
ferent from the normal, irrespective of whether 
the filtered urate load is high, normal or low. In 
short, the tubular response of the gouty subject 
seems not to be essentially different from that of 
normal man at equivalent filtered urate loads. 
The abnormality in gout, then, does not appear 
to reside in the activity of the tubules reabsorb- 
ing urate but in the filtered urate loads presented 
to them. 

The high filtered urate loads of most gouty 
subjects are due to their high plasma urate 
concentrations but, unlike the intravenous urate 
infusion experiments of Berliner et al. in normal 
man [26], the ‘infusion’ of urate in gouty sub- 
jects taking a basal diet must of course come 
from endogenous sources. [he overproduction of 
urate by biosynthesis is thus implied. This has 
been unequivocally demonstrated, by isotope 
labeling experiments [/0,77], to occur in the 
substantial minority of patients who maintain 
hyperuricemia despite excessive urinary excre- 
tion of urate. It has not yet been unequivocally 
demonstrated in those with a urinary urate 
output within the limits of normal variation. In 
such cases, to be sure, the specific activity of 
urate after administration of glycine-C'* in 
tracer doses, without a glycine load, may be 
greater than in the normal subject [36] but it is 
not as yet clearly established that this necessarily 
indicates overproduction of urate [37]. The 
hyperuricemia and occasional secondary gout 
associated with polycythemia [38,39], myeloid 
metaplasia [39-47], leukemia and related dis- 
orders have been shown to be associated with 
overproduction of urate and other purines in the 
course of accelerated turnover of nucleic acids. 

Of course, preservation of the normal! tubular 
reabsorptive activity in respect to urate, in the 
face of markedly increased filtered urate loads, 
helps to sustain the hyperuricemia of gout and in 
this regard is distinctly disadvantageous to the 
gouty patient. * However, unless the body pool 


* Since the presumptive overproduction of urate in the 
gouty patient is not amenable to control save inade- 
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of urate were constantly replenished at an exces- 
sive rate, the hyperuricemia would soon revert 
to normal levels, due to excretion of urate in 
the urine. This is what happens in the normal 
subject upon discontinuance of infusion of urate 
[26], and this is what may be presumed to occur 
in gouty subjects, even if tubular reabsorption 
of urate were excessive, unless the rate of urate 
production were greater than the rate of loss in 
the urine and by other routes. 

The Question of Tubular Excretion of Urate. ‘The 
preceding discussion is based on the prevailing 
premise that the tubules do not excrete urate. 
If tubular excretion of urate does, in fact, occur 
in normal and/or gouty subjects, all the cal- 
culated figures for tubular reabsorption of urate 
are too low. Under these circumstances the 
standard clearance technics employed would not 
permit comparison of the magnitude and per- 
centage of the urate reabsorbed by the tubules 
in the normal and gouty subject, and there 
would be no point in worrying the available 
data. If, however, the excreted urate derives 
solely from tubular secretion, and _ tubular 
reabsorption of the filtered urate load is therefore 
complete in both normal and gouty subjects, 
it could hardly be argued that the hyperuricemia 
of gout is due to excessive tubular reabsorption 
of urate! 

Prior investigators have suggested from time 
to time that in man, as in many lower forms, 
urate may be secreted by the tubules. This was 
first postulated on the general assumptions of the 
Heidenhain theory of tubular secretion and later 
on the supposition that the plasma urate is 
largely or wholly present as large molecular 
polymers or securely bound to plasma proteins, 
hence non-filtrable. This basis for postulation of 
tubular secretion of urate appears no longer to be 
tenable. 

The question presently under consideration is 
whether or not the urate of the glomerular 
filtrate, assuming complete filtrability of the 
plasma urate, may not normally be virtually 
completely reabsorbed by the tubules (even more 
than the 90 or 95 per cent now conceded) and 
the excreted urate derived wholly or in very 


quately by dietary restriction, uricosuric agents are 
administered to increase urinary excretion of urate 
by suppressing the normal percentage of filtered urate 
reabsorbed by the tubules to abnormally low levels. The 
favorable clinical response so obtained should not be 
construed as proof that the primary cause of gout is ab- 
normally great tubular reabsorption of urate. 
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large part by tubular secretion. The excreted 
urate would also include filtered urate which has 
escaped reabsorption under conditions of defi- 
cient tubular reabsorption of urate, whether 
caused by uricosuric drugs, by disease (inborn 
or acquired), or by the possible circumstance of 
filtered urate loads in excess of the capacity of 
the healthy tubules fully to absorb them. The 
available clearance data, including our own, 
appear not to exclude tubular excretion of urate 
in man. On the other hand, direct evidence for 
it has not been adduced. 

The immediate question arose in connection 
with the paradoxic retention of uric acid caused 
by uricosuric drugs, notably salicylate and 
phenylbutazone, in low dosage | 42]. In the case 
of pyrazinamide and pyrazinoic acid this reten- 
tion is so marked that the urinary excretion of 
urate is reduced to 5 or 10 per cent of the pre- 
medication output, without lowering of the 
inulin clearance [43|. These effects may well be 
brought about by enhanced tubular reabsorption 
of urate. They may also be the result of inhibition 
of a tubular excretory mechanism; in the latter 
event virtually complete tubular reabsorption 
of urate and tubular secretion of almost “all the 
excreted urate would have to be postulated. 

Further consideration of the possibility of 
tubular excretion of urate is appropriate to the 
present study because our data reveal a rather 
striking degree of independence of the renal 
excretory mechanism for urate under the wide 
range of variation in discrete renal functions 
exhibited by gouty subjects. The poor correla- 
tion between inulin clearance and urate excre- 
tion is noteworthy. (Table 1.) When Cipuiin is 
greater than 100 ml./minute the renal excretion 
of urate unpredictably may be excessive, within 
the normal range, or significantly less than nor- 
mal; however, reduction of the glomerular 
filtration rate below 80 ml./minute was not 
associated with overexcretion of urate. The 
dissociation Of Cyrate and Cinuiin iN patients with 
severe renal disease was emphasized by Coombs 
et al. [73] and others, and is borne out by our 
experience. The unpredictability of UVurate in 
relation to the filtered urate load and to the 
reabsorptive capacity of the tubules has already 
been commented upon. (In fact the only correla- 
tion which is at all significant is the usually 
conspicuous elevation in plasma urate level 
associated with excessive UVurate.) This general 
dissociation is reminiscent of the circumstances 
of renal regulation of potassium excretion [44,45]. 
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The filtered potassium, it is postulated [45], is 
completely reabsorbed by the tubules under 
physiologic conditions, the urinary potassium 
being derived wholly or in large part from 
tubular secretion, in this instance by exchange 
for sodium. 

It may be proper in this connection to men- 
tion an early suggestion by Thannhauser [46], 
that the hyperuricemia and manifestations of 
gout may be due to a functional impairment in 
the secretion of uric acid by the renal tubules. 
At present, one can consider only the a priori 
probabilities of such an event. Presumably, if the 
genesis of hyperuricemia were ascribed to less 
than normal urinary excretion of urate, the 
hypothesis of deficient tubular excretion of urate 
would not apply to gouty subjects excreting 
excessive quantities of urate on a basal diet, or 
even to those with a urinary urate output within 
the normal range, unless overproduction of 
urate also were assumed. Reduced excretion of 
urate, however, occurs chiefly in gouty subjects 
with manifest renal damage and marked im- 
pairment in glomerular filtration rate, which 
presumably is largely responsible for the reten- 
tion of urate. 

General Considerations. If gout were the result 
simply of hyperuricemia due to excessive tubular 
reabsorption or deficient tubular secretion of 
urate, it should be no rarity when uric acid is 
retained because of reduced glomerular filtra- 
tion, as in chronic glomerulonephritis. This 
brings us to the basic premise of every theory 
postulating renal retention of urate, by whatever 
mechanism, as the primary cause of gout: that 
all the complex manifestations of the disorder, 
including acute gouty arthritis, can be ascribed 
to uric acid, a virtually inert end-product of 
purine metabolism. True, the blinders of tradi- 
tion have all too long circumscribed vision in 
this field to the narrow horizon offered by uric 
acid per se; and tophaceous deposit is indeed an 
indication that excretion of urate has not kept 
pace with biosynthesis. But when the composite 
syndrome of gout is fairly viewed, in broad 
perspective, it seems hardly possible to compre- 
hend it as a consequence simply of hyperuricemia 
due to renal retention [9]. Some subtle, as yet 
obscure deviation of metabolism, more marked 
in some carriers of the gouty trait than in others, 
would seem more likely to be responsible. ‘The 
recent isolation, from the urine of gouty sub- 
jects, of excessive quantities of 8-hydroxy-7- 
methylguanine and adeninesuccinic acid, sug- 
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gesting abnormalities in intermediary guanine 
and adenine nucleotide metabolism, respectively 
[47,48], may offer some clue to the nature of 
this metabolic error. 

Conclusion. Which, then, came first, chicken 
or egg, hyperuricemia or renal retention of urate? 
We think hyperuricemia, one expression of an in- 
born error profoundly affecting some aspect of 
intermediary purine metabolism and leading to 
overproduction of urate. 


SUMMARY 


1. Astudy was made of renal function in some 
300 gouty subjects. Standard renal clearance 
technics were employed in approximately 160 
cases, including some asymptomatic hyper- 
uricemic relatives of these gouty subjects. 

2. Cinulin, Cpan and Tmpay were for the most 
part consonant with the values found in normal 
subjects of equivalent age, but impairment of 
renal hemodynamics was not infrequent par- 
ticularly in those of advanced age or with overt 
renal disease. 

3. Determinations of urinary urate excretion, 
whether measured as U V,,;ate in short clearance 
experiments or in twenty-four-hour urine col- 
lections, gave values within the normal range in 
most cases. In a significant minority of instances, 
however, the urinary urate excretion was un- 
equivocally in excess of the limits of normal 
Variation. 

4. The filtered urate load was found to be 
increased in most gouty subjects. The presump- 
tive tubular reabsorption of urate was cor- 
respondingly increased but, so far as could be 
determined, not disproportionately so in relation 
to the percentage of urate reabsorbed by the 
tubules at equivalent filtered urate loads in 
normal man. 

5. ‘The results thus indicate essentially normal 
discrete renal functions in most gouty subjects. 
With advancing years and disease, however, the 
glomerular filtration rate progressively declines 
and some tubules apparently deteriorate. Second- 
ary renal retention of urate then becomes 
apparent. 

6. The data fail to disclose any primary defect 
in tubular function, specifically of abnormally 
enhanced tubular reabsorption of urate. On the 
contrary, the clearance data implv overproduc- 
tion of urate in gout. This interpretation is sup- 
ported by reference to metabolic data. 

7. The question of tubular excretion of urate 
is reviewed. The available clearance data are not 
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incompatible with the view that the filtered urate 
load, assuming complete filtrability of plasma 
urate, normally is wholly or in very large part 
reabsorbed by the tubules, and that the excreted 
urate derives entirely, or for the greater part, 
from tubular secretion; the analogy with potas- 
sium excretion is pointed out. Indirect but not 
direct support of this postulation is presented. 

8. It is concluded that the pathogenesis of 
hyperuricemia and of the other manifestations of 
gout cannot be ascribed to any hypothetic 
primary renal defect, whether of abnormally 
great tubular reabsorption or deficient tubular 
secretion of urate. 
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Salt and Water Volume Receptors’ 


An Exercise in Physiologic Apologetics 


HoMER W. SMITH, SC.D. 
New York, N. Y. 


Salt and Water 
In the beginning the abundance of the sea 


Led to profligacy 


The ascent through the brackish waters of the estuary 
To the salt-poor lakes and ponds 


Made immense demands 
Upon the glands 


Salt must be saved, water 1s free 


In the never-ending struggle for security 


Man’s chiefest enemy, 


According to the bard of Stratford on the Avon, 


The banks were climbed and life established on dry land 
Making the incredible demand 3 
Upon another gland 
That water, too, be saved. 
Maurice B. Strauss [742], November 23, 1951. 


HE subtitle of this paper is not an apology 

for adding one more document to an already 
word-weary subject; the term ‘“‘apologetics’’ is 
used in the sense in which it has been applied to 
certain other literature, meaning the critical 
examination of the texts in an effort to establish 
what is, perhaps, only an a prior: thesis, or to 
clarify that which is unclear, or to disentangle 
fact from fiction; and this, without introducing 
any new factual material whatever. 


HISTORIC 


As early as 1896 Starling | 730], writing on 
dropsy, suggested that the failure of the kidneys 
to excrete salt led to hydremic plethora and to 
increased venous pressure, the latter in turn 
leading to dilatation and then to the ultimate 
failure of the already incompetent heart. His 
interpretation adumbrated the currently cap- 
tious question of how much, if anything, the 


heart has to do with chronic congestive heart 
failure. 

Again it was Starling [729] who seems to have 
first explicitly stated that the renal excretion of 
salt and water must be conditioned by the vol- 
ume of the body fluids, as well as by their com- 
position. ““The kidney,” he said, “‘presents in 
the highest degree the phenomenon of ‘sensibil- 
ity,’ the power of reacting to various stimuli in a 
direction which is appropriate for the survival of 
the organism; a power of adaptation which al- 
most gives one the idea that its component parts 
must be endowed with intelligence.” 

It is implicit in the principles of homeostasis, 
as developed by Walter Cannon [23], that when 
we observe a homeostatic state we are generally 
warranted in looking not only for an effector 
mechanism but also for receptor and possibly 
integrative mechanisms. What follows is largely 
compliance with Cannon’s principles. Starling’s 


* From the Department of Physiology, New York University College of Medicine, New York. The substance of this 
paper was presented in Chicago, November, 9, 1956, as the VIth Annual Lecture of the Lakeside Laboratories, Inc., 
Milwaukee, Wisconsin. This work was supported in part by a Grant (H-1172) from the National Heart Institute of the 


National Institutes of Health. 
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exalted view of the wisdom of the kidney we 
must regretfully reject; the kidney appears to be 
only a passive agent operating blindly and 
automatically according to the dictates of 
receptor-effector systems located elsewhere in 
the body; the integration of these receptor- 
effector systems constitutes the wisdom behind 
salt and water balance. 

John Peters in 1935 [708] suggested that one 
factor conditioning sodium excretion was some 
function of the volume of the circulating blood, 
and specifically some change in its distribution. 
Borst [76] considered that changes in the extra- 
cellular fluid volume operate to maintain the 
volume of circulating blood within narrow 
limits; but as for details we are given only the 
premise that an increase in blood volume leads 
to increased venous pressure and thus to in- 
creased cardiac output, the last somehow in- 
creasing salt and water excretion. Other writers 
have had recourse to decreased or increased 
cardiac output as a directly effective stimulus, 
but it is not clear how cardiac output per se can 
operate as a stimulus unless through pressure 
receptors, volume receptors or the net rate of 
oxygen delivery to, or accumulation of metab- 
olites in, one or more organs of the body. Aside 
from this difficulty, during the pyrexial reaction 
the cardiac output is substantially increased (as is 
also the renal blood flow), but no increase in the 
excretion of sodium or water occurs [87]. 

Hence we may look with profit elsewhere for 
receptor systems sensitive to changes in body 
fluid volume and participating in salt and water 
balance. 


SELECTION OF MATERIAL FOR REVIEW 


Abundant evidence is available indicating 
that, tubular activity apparently remaining 
constant, the excretion of both sodium and water 
is conditioned by glomerular-tubular balance, 
although it is beyond the purview of this paper 
to review this evidence here. Moreover, it is well 
known that changes in filtration rate can readily 
be induced in the dog, less readily in man, by 
reversible physiologic procedures, but the means 
by which such changes are initiated by changes 
in body fluid volume and integrated with 


changes in tubular reabsorption remain to be 


examined. This discussion is concerned only 
with changes in specific tubular reabsorptive 
activity, and consequently the literature re- 
viewed is confined as far as possible to circum- 
stances in which changes in glomerular activity 
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are absent, negligible in magnitude or on other 
grounds have been ruled out by the investigator 
as causally related to changes in excretion. 
(Admittedly a decision on this matter has some- 
times been made rather arbitrarily.) It follows 
that, with few exceptions, it has been necessary 
to confine the discussion to studies in which the 
filtration rate has been measured, thus excluding 
many otherwise potentially valuable studies in 
both dog and man. Also excluded are all experi- 
ments involving the use of drugs, the interpreta- 
tion of which is at this time so speculative 
that they contribute little to our immediate goal, 
and also preliminary abstracts in which the 
evidence cannot be examined. 

More importantly, we have excluded all 
studies involving long-term experimental pro- 
cedures or pathologic changes in the cardio- 
vascular system or kidneys. Where multiple 
controls are superimposed on a function, such as 
sodium excretion, it is conceived that normal 
regulatory mechanisms may be obscured by 
compensatory reactions. Nor does it seem safe at 
this time to assume that all pathologic disturb- 
ances in sodium excretion (anemia, hypopro- 
teinemia, constrictive pericarditis, constriction 
of pulmonary artery or hepatic vein, hepatic 
cirrhosis, nephrosis, chronic congestive cardiac 
failure, etc.) issue from excitation or failure of the 
same regulatory mechanism(s), or (as 1s fre- 
quently implied) that they represent compensa- 
tory reactions serving a physiologically useful 
end. Despite these exclusions, we are left with 
a rather large body of literature for consideration. 


CELL SEPARATION THEORY 


Pappenheimer and Kinter [7/04] and Kinter 
and Pappenheimer [77,72] have recently ad- 
vanced evidence that plasma skimming may 
effect a substantial separation of plasma and 
cells in the postglomerular capillary circulation, 
and also possibly along the course of the lobular 
(interlobular) arteries. Insofar as plasma skim- 
ming occurs in the latter, the hematocrit of the 
blood perfusing the glomeruli at successive 
peripheral levels along the artery would be 
progressively increased, reducing the filtration 
fraction. The extent of cell-plasma separation 
will be determined by the mean perfusion pres- 
sure and the hematocrit of the arterial blood. 
Consequently, where either mean systemic pres- 
sure or hematocrit are abruptly changed, the 
volume of filtrate formed in glomeruli at various 
levels of the renal vascular tree may also be 
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SYSTEM 
OSMORECEPTORS NEUROHYPOPHYSIS 


INCREASES 


EXCITATION 1 INHIBITION 
(E) WATER 
A | REABSORP. 
INCREASED ALCOHOL INCREASED 
OSMOTIC PREHYDRATION LEFT ATRIAL (0) 
PRESSURE (SUBLIMINAL) VOLUME 
| 
INCREASES , DECREASES DECREASES | INCREASES 
4 
HEMORRHAGE | NEG. PRESS. RESP. 
ORTHOSTASIS ‘SUPINE vs. SITTING 
VENOUS OCC., PLASMA/ BLOOD 
SALT | WATER SITTING vs. ! ISOTONIC SALINE 
(4) ALB. 
HYPERONCOTIC ALB. 


PERCENT 


Fic. 1. Schema showing possible inter-relations between volume receptors and 
the antidiuretic system. The encircled letters supply reference points in the text. 


changed, altering glomerular-tubular balance. 
Although the cell separation theory is of the ut- 
most importance to renal physiology, nothing 
is known as yet concerning its application to 
sodium and water balance. It seems, however, 
that the interpretation of most of the studies 
reviewed here will not be markedly affected by 
changes in plasma skimming: for example, the 
natriuretic effects of the infusion of large volumes 
of saline solution are in part controlled by the 
absence of natriuresis after the infusion of iso- 
oncotic albumin and the antinatriuretic effects of 
hyperoncotic albumin solutions. However, we 
cannot exclude variations in the renal distribu- 
tion of cells and plasma as factors contributing to 
changes in water and sodium excretion in experi- 
ments in which arterial pressure or hematocrit 
are substantially changed. 


DEFINITIONS 


Diuresis and Antidiuresis. Natriuresis and Anti- 
natriuresis. ‘The words ‘“‘diuresis’”’ and “‘anti- 
diuresis” have frequently been used ambiguously 
to describe simply an increase or decrease in 
urine flow. One of the inferences reached in the 
following discussion is that, with certain qualifi- 
cations, * the receptor :internuncial: effector sys- 


* The important qualifications are that (1) sodium and 
its salts are quantitatively the most important osmotic 
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tems involved in water conservation, on the one 
hand, and in sodium conservation, on the other, 
operate with complete independence of each 
other. Consequently diuresis and antidturesis will 
be used here to designate an increase or decrease 
in the excretion of (osmotically free) water fer se. 
An increase or decrease in sodium excretion will 
be designated as natriurests and antinatriurests. 
With respect to the excretion of water, 
quantitative distinction is now made between 
water which is isosmotically obligated by urine 
solutes (osmolal clearance) and osmotically 
unobligated (solute-free) water which may 
either be added to or subtracted from this 
osmolal clearance to give, respectively, a “‘di- 
lute’? or ‘‘concentrated”’ urine [727]. This dis- 
tinction has not been made in most of the litera- 
ture reviewed here, however, and it has been 
generally necessary for me to evaluate diuresis 
and antidiuresis by changes in the urine con- 
centration of one or more solutes (usually sodium 
or chloride), or sometimes by changes in urine 


constituents in the extracellular fluid; (2) the excretion of 
a definite, small quantity of water is obligated by the 
excretion of urine solutes; and (3) the elaboration of 
osmotically free water during diuresis is subject to the 
delivery of at least an osmotically equivalent quantity of 
sodium (chloride) to the distal tubules. 
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flow alone. It is doubtful if this approximation 
has led to any serious errors of interpretation. 


CENTRAL MECHANISM OF ANTIDIURESIS 


See A, Figure 7 


[It is commonly accepted that changes in the 
excretion of osmotically free water are related to 
the antidiuretic hormone (ADH) secreted by the 
neurohypophysis in consequence of nervous or 
humoral excitation of the afferent pathways to 
this organ. Because of numerous central connec- 
tions, neurohypophysial secretion can be excited 
by many diverse stimuli (pain, emotion, central 
vagal stimulation, cholinergic drugs, etc.), but 
the specific, physiologically effective stimulus in- 
volved in the maintenance of water balance 
is presumed to be the excitation of (hypo- 
thalamic?) osmoreceptors by an increase in the 
osmotic pressure of the blood [770,739]. It has 
been suggested that ADH acts by increasing the 
permeability of the distal tubule by the dilatation 
of pores, permitting osmotically free water to 
diffuse back into the blood [779]. No physiologic 
agent is known (apart from osmotic diuresis) 
which exerts an inhibitory effect on water 
reabsorption by the renal tubules. Thus the 
osmoreceptor:neurohypophysial:ADH sys- 
tem operates to maintain the osmotic pressure 
of the blood at a constant value by promoting 
the tubular reabsorption of water, and hence 
it will be designated as the “‘antidiuretic system.”’ 


VOLUME CHANGES RELATED TO ANTIDIURESIS 


See B, Figure 7 


Hemorrhage. It was as an integral part of 
Verney’s classic studies of the humoral control 
of water excretion by the neurohypophysis that 
Rydin and Verney [778] first demonstrated, in 
the specific sense, that hemorrhage of moderate 
extent in the dog induces antidiuresis in conse- 
quence of the increased secretion of ADH. 
Adequate data on man are not available.* 


* An antidiuretic response may be inferred from the 
data incompletely reported by Lombardo et al. [90] on 
venesection in man. Goodyer and Jaeger [52] showed 
that moderate hemorrhage in the anesthetized dog in- 
duces antidiuresis in the denervated as well as the in- 
nervated kidney, and concluded that the renal nerves are 
not involved in the response. However, antidiuresis was 
not observed by Brun, Knudsen and Raaschou [27] in 
four of five well hydrated subjects after withdrawal of 
175 to 450 cc. of blood, but here hydration could have 
opposed an antidiuretic stimulus, a consideration not 
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Orthostasis. An antidiuretic situation in some 
ways paralleling hemorrhage, but one which has 
been more extensively studied, is presented by 
the circulatory insufficiency attending the pas- 
sive, upright position, whether the subject is 
standing quietly or inclined 60° to 80° on a tilt- 
table. Here blood accumulates in the legs and 
the effective circulating blood volume is reduced: 
vasoconstriction increases the diastolic pressure 
and, until syncope supervenes, the systolic 
pressure tends to be maintained, reducing the 
pulse pressure; increased capillary pressure in 
the legs leads to excessive filtration of interstitial 
fluid, to reduction in the absolute plasma vol- 
ume, and to increased hematocrit and increased 
plasma colloid osmotic pressure; and the venous 
pressure in the legs increases, although with no 
substantial increase in renal venous pressure. * 
Marked antidiuresis accompanies orthostatic 
circulatory insufhiciency of even moderate 
degree, and Brun, Knudsen and Raaschou | 20,27 | 
have shown by a seemingly reliable test for ADH 
that concomitantly the secretion of this hormone 
is markedly increased. The pallor of syncope, 
which persists after recovery of the blood 
pressure and which occurs also in sympa- 
thectomized subjects, has been attributed to 
ADH [39]. 

Epstein et al. |42| have shown that orthostatic 
antidiuresis is not prevented by the infusion of 
iso-oncotic albumin solution (740 cc.) Tt and they 
conclude that it is not dependent on reduction of 
total plasma volume but on reduction of effective 
circulating blood and a redistribution of this 
blood. Bandaging the legs to prevent pooling of 
the blood is partially but not completely effec- 
tive.t Pearce and Newman [707], Newman [99| 
and Kleeman et al. |73| have shown that alcohol, 


applicable to the other two studies. Lewis [85] has also 
shown that removal of 500 cc. of blood plus venous occlu- 
sion of the legs during near maximal water diuresis has no 
significant effect on the diuresis. Whatever antidiuretic 
action moderate hemorrhage may have, it is slight in com- 
parison with the diuretic action of hydration. 

* Increased renal venous pressure fer se in the dog 
transiently decreases both sodium and water excretion 
[73,58,68] but it appears that this factor is involved to a 
negligible extent in orthostatic antidiuresis {42}. 

t Re-examination of their data, however, indicates 
that albumin at least ameliorated the antidiuresis and 
that its failure to be more effective may have been at- 
tributable to reduction in filtration rate. 

t Antidiuresis occurs during exercise in the upright 
position [70,99,707] but not in the supine position [50}; 
Freeman et al. [50] suggest that the difference is referable 
to orthostasis itself. 
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which in adequate doses completely or nearly 
completely blocks the secretion of ADH, pre- 
vents orthostatic antidiuresis, confirming the 
neurohypophysial origin of the latter, while 
the antidiuresis in the vertical position is in 
large part offset by immersion in water up to the 
neck [2) and by hydration [7/35]. Conversely, 
orthostatic antidiuresis is potentiated by mor- 
phine [85|, which releases ADH secretion. 

The effect of posture led Harrison and his col- 
laborators |86,/40|) to suspect that intracranial 
receptors may be involved, and to compare the 
effects of the sitting versus the supine* position 
on the excretion of dilute (0.14 per cent) saline. 
Urine flow and sodium excretion were generally 
greater in the supine position, but the relative 
rates of sodium and water excretion were highly 
variable, perhaps in part because the saline was 
administered orally. The investigators concluded 
that the effect of the sitting position could be 
partially but not entirely overcome by compres- 
sion of the neck with a cuff inflated to 15 to 
35 mm. Hg, but Netravisesh [97] and Barbour 
and his collaborators {5| have failed to confirm 
this result. 

Venous Occlusion. Another approach to this 
problem is afforded by the demonstration by 
Wilkins and his collaborators |757| that anti- 
diuresis is induced by obstructing the venous 
outflow from the thighs and one arm by the 
application of pressure cuffs inflated to sub- 
diastolic pressure. Under these conditions over 
700 cc. of blood and interstitial fluid may ac- 
cumulate in the extremities [37,84]. Reduction of 
venous return reduces central venous and right 
atrial pressure [747], cardiac output [49] and 
right ventricular end-diastolic and pulmonary 
arterial pressure |45]. This antidiuretic response 
is not abolished by splanchnicectomy in hyper- 
tensive patients [75/7], but it is prevented by the 
prior administration of alcohol [73], facts which 
support the conclusion that it is a consequence 
of increased ADH secretion. 

Farber et al. [46] established partial occlusion 
of the vena cava by a catheter carrying a balloon 


* Writers speak of the “‘recumbent”’ position, and the 
reviewer sometimes wonders if their patients had one, 
two or three pillows behind them. The angle of “‘recum- 
bency”” might make a significant difference in this 
problem, but the word supine has been used throughout 
the text. 

The diurnal cycle in the excretion of water and 
electrolytes is a complicated one, but nocturnal anti- 
diuresis (increased secretion of ADH) and antinatriuresis 
in normal subjects are clearly established [87,88,724]. 
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to be inflated after insertion. Decreased urine 
flow was observed after venous occlusion at any 
level (superior vena cava or inferior vena cava 
above or below the renal veins), although there 
were quantitative differences in intensity and 
speed of recovery depending on location. No 
distinction was drawn between antidiuresis and 
antinatriuresis, and no comment was made on 
the obligatory excretion of water at the low 
urine flows, but the data suggest that partial 
vena caval obstruction generally has an anti- 
diuretic effect. 


VOLUME CHANGES RELATED TO DIURESIS 


See C, Figure 7 


We turn now to procedures which induce 
diuresis (water excretion) without reduction in 
the osmotic pressure of the blood. 

It is appropriate to note briefly a few papers 
frequently cited in this connection. Thompson 
| 736] reported that the infusion of isotonic saline 
in dogs sometimes produced a substantial in- 
crease in the excretion of water without propor- 
tional salt, but his experiments were complicated 
by the use of morphine and ether-chloroform 
anesthesia and no data on filtration rate were 
available. Priestly [772] also reported a relative 
water diuresis in man, but here a slightly hypo- 
tonic, mixed salt solution was administered 
orally, a technic which may be criticized on 
several grounds. 

Bazett and his collaborators |7} confirmed the 
then well recognized fact that a dilute urine 
may be excreted when a subject first assumes the 
recumbent position. They further showed that 
immersion up to the neck in a semi-reclining 
position in a covered bath at 36°c. had a further 
diuretic effect. Recumbency alone induced 
hemodilution, presumably in consequence of 
return of interstitial fluid to the blood; a warm 
bath induced hemoconcentration, presumably in 
consequence of peripheral dilatation and in- 
creased formation of interstitial fluid. Bazett et 
al. attributed the bath diuresis to pressure 
on the abdomen, increased venous pressure and 
redistribution of blood with splanchnic (and 
renal) dilatation, but these experiments are so 
complicated by temperature, posture, pressure 
and possibly cerebrocortical effects that at pres- 
ent they remain beyond interpretation. 

Wilson and Harrison [752] obtained substan- 
tial diuresis in patients convalescing from infec- 
tious fever after the infusion of reconstituted 
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plasma, but the endogenous creatinine clearance 
increased markedly in all but one patient and 
the composition of the urine was not reported. 
Metcalf [93] reported increased urine flow after 
infusion of serum and plasma into anesthetized 
dogs, but no data are available on the filtration 
rate. Similarly, Goodyer and Jaeger [52] found 
that reinfusion of blood in dogs after moderate 
hemorrhage increased the urine flow, but the 
data as reported (in per cent changes) permit 
only the conclusion that the infusions corrected 
the hemorrhagic oliguria. 

Zuidema et al. [756] report that the infusion of 
plasma, normal saline and iso-oncotic albumin 
in dogs induces diuresis, but the magnitude of the 
diuresis was not large, the average maximal 
figure for these three procedures being 1.2, 1.3 
and 2.3 cc./minute, respectively. The filtration 
rate was not followed and no information is given 
on the composition of the urine. The dogs had 
received morphine and were lightly anesthetized 
with chloralose; since the central effects of 
diuretic and antidiuretic stimuli are alge- 
braically additive, medication may have reduced 
the magnitude of diuresis (even though mor- 
phine and chloralose were used in minimal 
doses) and thus worked against the success of the 
experiments. 

Saline Solutions. VUhe diuretic effects of saline 
became the subject of well considered investiga- 
tion in 1951, when Blomhert, Molhuysen, Ger- 
brany, de Vries and Borst |75| of Amsterdam 
(see also Blomhert [74]), Strauss, Davis, Rosen- 
baum and Rossmeisl |737| of Boston, and 
Murphy and Stead [95] of Durham, simul- 
taneously established that the infusion of iso- 
tonic saline into slightly hydropenic, supine 
subjects may induce a transient but substantial 
diuresis. * It was recognized that this diuresis is 
self-limited by progressive dehydration and 
elevation of the osmotic pressure of the blood, 
which would, of course, re-excite ADH secretion. 
Blomhert and his colleagues noted that infusion 
of a large quantity (amount unspecified) at a 
greater speed is followed by an increased excre- 
tion of salt as well as water. They also pointed 
out that diuresis induced at night by water per os 
is delayed and recovery is reduced. Drinking 
isotonic saline at night also leads to diuresis, but 
paradoxically the infusion of saline at night was 
without effect on urine production. These differ- 
ences remain unresolved. 


* This diuresis was only occasionally observed by 
Papper et al. [705]. 


Strauss and his colleagues showed that iso- 
tonic saline induces diuresis only if the subjects 
are lying down, not if they are sitting up, an 
observation that led them to suggest that it is 
mediated through receptors sensitive to changes 
in the volume (or pressure) of the extracellular 


- fluid and located in “‘the cephalad portion of the 


body.’ However, diuresis is not promoted by 
tilting in the head-down position in man [ 26,750. 
or in dog [| 700}. 

Iso-oncotic Albumin Solutions. Ot special inter- 
est is the demonstration by Welt and Orloff 
|/43\ that the infusion of about 2,000 cc. of iso- 
oncotic albumin solution (4 to 6 per cent in iso- 
tonic saline) induces a marked diuresis in non- 
hydrated subjects, a response blocked by 
pitressin.®© The peak urine flow in one subject 
reached 15 cc./minute, and the average peak 
urine flow in six subjects was 8.9 cc./ minute, or 
about 50 per cent of the anticipated maxima! 
rate of diuresis in normal subjects when not over- 
laid on substantial osmotic diuresis. Welt and 
his collaborators | /09,/43) suggested that expan- 
sion of the plasma volume by the iso-oncotic 
albumin solution induced diuresis by inhibiting 
the secretion of ADH, and Welt and Orloff | /43) 
(and a little later Strauss and his colleagues 
independently) referred definitively to ‘volume 
receptors,” although they did not discuss their 
possible location. 

Hyperoncotic Albumin Solutions. Orloff and 
Blake [707|, working with mildly hydrated un- 
anesthetized dogs, found that isotonic, hyper- 
oncotic (25 per cent) albumin solution induced 
the substantial urine flow of 3 to 4 cc./ minute 
per dog. This diuresis was blocked by pitressin 
and also by morphine (which releases ADH 
secretion), indicating a neurohypophysial origin. 

However, Goodyer et al. [53| had earlier 
recorded that the infusion of such hyperoncotic 
albumin solutions in normal, well hydrated man 
induces some antidiuresis, an observation con- 
firmed by Welt and Orloff |743| and by Peters- 
dorf and Welt [709] in subjects undergoing near- 
maximal water diuresis as well as in subjects 
with diabetes insipidus. Because this antidiuretic 
action was greater when the albumin was given 
rapidly instead of slowly, and because it seemed 
to be ameliorated if saline (2.5 L.) had been 
given previously, Welt and Orloff [743] sug- 


+ Strauss et al. [737] also suggest that the osmoreceptors 
of the neurohypophysial system may be sensitive to inter- 
stitial hydrostatic pressure as well as to osmotic pressure, 
but on the evidence this seems unlikely. 
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gested that it might be attributable to an increase 
in the plasma colloid osmotic pressure. As will 
be noted, however, hyperoncotic albumin solu- 
tions also induce antinatriuresis in man, and 
Petersdorf and Welt |/09) later suggested that 
the increase in water reabsorption is passively 
related to increased sodium reabsorption. These 
investigators recognized that the rapid infusion 
of concentrated albumin solutions might induce 
ADH secretion by some other mechanism. 


LOCATION OF VOLUME RECEPTORS INVOLVED 
IN ANTIDIURETIC SYSTEM 


At this point we may note that among the 
suggested receptors or mechanisms relating 
water excretion to hemodynamic changes alone 
are: the kidneys themselves (Starling [729}); 
renal vasodilatation (Bazett et al. |7|); the car- 
diac output (Borst [7/6], Blomhert et al. [75], 
Wilkins et al. [75/7], Fitzhugh et al. [49)): 
renal venous pressure (Blake et al. |/3|, Hall et 
al. |58|, Hwang [68}); the great veins (Farber 
et al. |46|, Newman |99!); hemodilution without 
osmotic dilution (Blomhert et al. {75]); redistri- 
bution of circulating blood (Epstein et al. [42]}) 
and specifically with altered arterial filling 
(Robinson | 7/4), Epstein |47}); change in plasma 
or extracellular fluid volume (Orloff et al. [ 707), 
Welt et al. |/42,/43|); vascular volume (Cort 
29)), or extracellular fluid volume generally 
(Leaf et al. |83|); both the plasma and extra- 
cellular fluid volume (Grossman [357]); the 
interstitial fluid in the legs (Pearce et al. | 706}, 
Newman |99}); the vascular or extracellular 
fluid volume in the head (Viar et al. [740], 
Lombardo et al. |9)}); the extracellular fluid vol- 
ume in the “cephalad portion of the body” 
(Strauss et al. |73/,/32|); and hydrostatic pres- 
sure effects on the osmoreceptors of the neuro- 
hypophysial system (Strauss et al. [737]). In 
short, despite consensus that an increase in 
volume of the blood, plasma or extracellular 
fluid can induce diuresis, and that a decrease 
can induce antidiuresis, there is no consensus 
as to where the receptors are located. 

Negative Pressure Respiration. We turn now to 
a different approach which at least has the ad- 
vantage of anatomic specificity. In 1947, Drury, 
Henry and Goodman [35], examining renal func- 
tion in man during respiration against positive 
pressure (10 to 40 mm. Hg), a problem of prac- 
tical interest to aviation medicine, observed 
that this procedure was accompanied by a 
marked reduction in urine flow and urea clear- 
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ance. They considered antidiuresis to be a conse- 
quence of or a compensation for circulatory 
stress, since increased intrathoracic pressure 
impairs venous return and reduces cardiac 
output. * 

Reversing this procedure in what were proba- 
bly slightly dehydrated dogs, Gauer et al. [57) 
found that respiration against continuous nega- 
tive pressure (—10 cm. water) induces, con- 
versely, a slight increase in urine flow. (The 
filtration rate was not measured and no infor- 
mation is given on the composition of the urine. ) 
Maximal! diuresis in unanesthetized dogs, cal- 
culated as one-eighth of the filtration rate 
'91,126|, would average about 0.5 cc./minute 
per kg., whereas negative pressure respiration 
increased the urine flow in the average from 0.03 
to 0.066 cc./minute per kg., i.e. to only 12 per 
cent of this estimated diuretic level. T 

The observations on man reported by Sieker 
et al. [7/22] are superior physiologically, and 
more impressive. In subjects who were mildly 
hydrated (priming of 300 cc. and ingestion of 
50 to 100 ce. every thirty minutes of 0.14 per 
cent saline), continuous negative pressure res- 
piration (—15 to —18 cm. water) transiently 
increased the urine flow (with dilution) from 
an average of 1.9 to 6.3 cc./minute, a level per- 
haps one-third of maximal diuresis, with only a 
slight increase in the endogenous creatinine 
clearance. The induction of diuresis in dog and 
in man by negative pressure respiration has 
been confirmed by Surtshin et al. [734], and in 
man by the measurement of the free-water 
clearance by Boylan and Antkowiak [78], while 
the last-named investigators have shown that 
the procedure is not accompanied by a decrease 
in plasma osmotic pressure. 

Here, then, in isotonic saline administered in 
the supine position, iso-oncotic albumin in 
saline and negative pressure respiration, are 
three methods of inducing diuresis without an 


* Positive pressure respiration in the dog [74] is ac- 
companied by marked changes in renal hemodynamics 
and the procedure is mentioned here only because it 
supplied the point of departure for studies of the effects 
of negative pressure respiration on intrathoracic dy- 
namics and diuresis. 

+t The degree of antidiuresis in the dogs studied by 
Gauer et al. [57] was unfortunately uncontrolled and 
undetermined. They were again premedicated with 
morphine and under light chloralose anesthesia, both of 
which circumstances may induce some antidiuretic 
activity, even though this antidiuretic activity may be 
inhibited by massive hydration. This criticism also applies 
to the experiments of Henry et al. [67]. 


630 Salt and Water Volume Receptors—Smuith 


apparent decrease in the osmotic pressure of the 
blood, as opposed to the fact that hemorrhage, 
orthostasis and venous occlusion induce anti- 
diuresis without an apparent increase in osmotic 
pressure. We may now ask, do the various pro- 
cedures which induce antidiuresis or diuresis 
have any hemodynamic consequences which, by 
activating or deactivating a common volume- 
sensitive system, might reverberate on the 
neurohypophysis? 

Intrathoracic Blood Volume. ‘The hemodynamic 
effects of continuous positive and negative 
pressure respiration have extensively 
studied by Henry and his colleagues. As deter- 
mined by plethysmographic methods, positive 
pressure respiration against 50 to 60 mm. Hg, 
the maximal pressure tolerable without syncope 
for thirty minutes at 18°c., displaces into the 
legs some 500 to 600 cc. of fluid (blood and 
interstitial fluid), a volume representing 10 per 
cent or better of the total blood volume. At 44°c. 
a larger volume, 800 cc. or more, may thus be 
displaced in a few minutes. Heat increases both 
the speed of displacement and the ultimate 
volume displaced because it dilates the arterioles 
of the skin and accelerates capillary transuda- 


tion and filling of the venous reservoirs. Hence 


heat also speeds the onset of syncope [59). 

The source of the blood displaced in ortho- 
stasis has been the subject of numerous investi- 
gations. Sjéstrand |725], reviewing the problem, 
concludes that 78 per cent is withdrawn from the 
thorax and the rest from the head, neck, arms, 
shoulders and hips, with only 2.5 per cent com- 
ing from the abdomen. Most of the thoracic 
contribution comes from the venous rather than 
the arterial side of the pulmonary circulation, 
and consequently the pulmonary veins and left 
atrium suffer the greatest reduction in pressure 
and volume. Henry [60,62] concludes that, 
despite the interposition of the right ventricle, 
the systemic veins, pulmonary veins and left 
atrium behave as one continuous elastic system 
and that moderate changes in blood volume are 
reflected by qualitatively parallel changes in left 
atrial pressure and volume. (Positive pressure 
respiration decreases cardiac output in anes- 
thetized dogs, presumably by reducing right 
ventricular filling, but negative pressure respira- 
tion apparently does not increase cardiac output 
because right ventricular filling is limited by 
venous return [722].) 

Left Atrial Stretch Receptors. “The phenomenon 
of negative pressure diuresis is held by Henry et 


al. [67| to be related to left atrial filling because 
(1) distention of the pulmonary arterial tree (and 
right atrium) by multiple small emboli does not 
lead to diuresis; (2) a diuretic response is not 
obtained when the pulmonary veins are partiall, 
occluded close to the pericardium, distending 
these veins and the antecedent circulatory bed: 
(3) distention of the left atrium by a balloon, 
however, does induce transient diuresis despite 
the fact that this procedure can be expected to 
reduce cardiac output. These investigators con- 
clude that stretch (or volume) receptors are 
located in the left atrium and possibly in the 
terminal part of the pulmonary veins located 
within the pericardium. * 

The nature of afferent nerve fibers from these 
critical areas has also been examined by Henry 
and his colleagues [60,6/,63} who conclude from 
their own evidence and from that of Paintal | 703 
that afferent impulses are carried centrally by 
the vagus. These impulses are believed to arise in 
stretch rather than pressure receptors because 
blood infusion, negative pressure respiration 
and balloon distention of the left atrium increase 
their frequency and the frequency is increased 
during atrial diastole rather than systole. Cooling 
of the vagus to 8°c. abolishes these impulses and 
also abolishes left atrial distention diuresis. 

By way of a working hypothesis, we may 
tentatively accept the existence of stretch 
receptors in the left atrium and intrapericardial! 
pulmonary veins which are excited by atrial 
distention during diastole (rather than during 
systole). (See D, Fig. 1.) It seems a necessary 
addition to the description to suppose that 
activation of the related afferent pathways 
exerts an inhibitory influence upon the neuro- 
hypophysial system, a supposition in no way 
novel because, as noted previously, it is well 
established that this system is subject to neural 
excitation and inhibition mediated by way of 
hypothalamic connections, even though the 
prepotent modality of excitation is through the 
osmoreceptors. The cyclical excitation of these 
atrial receptors at each diastole could, by alge- 
braic summation with other factors, influence 
the level of activity of the neurohypophysial 
system and the secretion of ADH. 

* Objections to the idea of stretch or volume receptors 
may be met by noting that many receptors (propriocep- 
tors in muscles, tendons, baroreceptors in the arterial 
tree, cochlea, etc.) in the common view are activated by 
deformation or stretch, rather than by pressure itself. 


The receptors approaching most nearly true ‘pressure’ 
receptors are those of touch. 
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Carbon Dioxide Diuresis. One other diuretic 
phenomenon may be mentioned before closing 
this section. It has been known for many years 
that breathing gas mixtures containing 5 per 
cent or more of carbon dioxide induces an 
increased urine flow. Barbour et al. [5] have 
demonstrated in ‘“‘recumbent’’ subjects that 
this represents a water diuresis which is not 
attributable to osmotic dilution of the blood— 
it may actually occur in the face of an increase 
in osmotic pressure; it is not related to an in- 
crease in the filtration rate, and it is inhibited by 
pitressin and not accompanied by an increase in 
sodium excretion. During prolonged breathing of 
carbon dioxide the diuretic effect reaches its 
peak in about fifty minutes and lasts for only 
some two hours. Barbour et al. |5| consider the 
possibility of intrathoracic receptors with scepti- 
cism, but I would be inclined to include carbon 
dioxide diuresis under the left atrial hypothesis 
if it could be assumed that it is not attributable 
to increased cerebral blood flow, and that carbon 
dioxide itself has no inhibitory effect on the 
central antidiuretic system. The latter assump- 
tion is not too safe in view of the ease with which 
this system can be excited or inhibited by emo- 
tional states, sensory stimuli, etc. | 770). However, 
Barbour et al. |5]| report that inhalation of carbon 
dioxide did not produce diuresis in five of six 
tests on sitting subjects, an observation that 
rather argues against a chemical action and 
encourages further investigation. 

Summary. As I interpret the foregoing evi- 
dence, the Henry-Gauer reflex from the left 
atrium is the only volume-sensitive system 
participating in diuresis-antidiuresis which has 
substantial evidence in its favor. 

Setting aside hemorrhage (on which informa- 
tion is as yet inadequate in man), this hypothesis 
could qualitatively explain the antidiuresis 
induced by orthostasis, the sitting as compared 
with the supine posture and occlusion of the 
venous system by cuffing or intracaval obstruc- 
tion, because these procedures decrease the 
venous return to the heart and filling of the right 
ventricle, decrease the stroke volume and pul- 
monary pulse pressure and (by inference, at 
least) decrease the diastolic distention of the 
left atrium. (This sequence would transpire 
even though the systemic arterial mean pressure 
were maintained by peripheral vasoconstriction, 
as does, in fact, happen early in moderate 
hemorrhage, orthostatic circulatory insufficiency 
and peripheral venous occlusion. ) 
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Conversely, the left atrial receptors would be 
excited and diuresis would be favored by cir- 
cumstances which increase the stroke volume 
and pulmonary pulse pressure and cause atrial 
diastolic distention, such as the infusion of 
isotonic saline, iso-oncotic (and hyperoncotic) 
albumin solutions (excluding the secondary 


effect of antinatriuresis), and (with due regard 


to the possible presence of ADH in the donor’s 
plasma and excluding the correction of pre- 
existing oligemia) probably by the infusion of 
plasma or whole blood; and, of course, the 
diuresis of negative pressure respiration, the 
phenomenon which led Henry and Gauer to 
formulate their hypothesis. The hypothesis may 
also explain the often recorded fact that diuresis 
may be observed after the subject first assumes 
the supine position, when circulatory readjust- 
ments possibly enhance intrathoracic blood vol- 
ume and left atrial filling. If one can argue that 
saline infused in the supine position expands 
the intrathoracic blood volume or increases left 
atrial filling for a longer period or to a greater 
extent than when infused in the sitting position, * 
the hypothesis will also explain the difference 
with respect to water excretion between the 
supine and sitting position without going further 
‘“‘cephalad”’ than the thorax. 

The left atrial hypothesis, it may be noted, 
does not involve volume changes in the extra- 
cellular fluid. What is lacking to support it are 
studies in man confirming the hemodynamic 
effects of the procedures discussed here on left 
atrial (or pulmonary vein) diastolic pressure, or 
ideally (but perhaps unrealistically), on left 
atrial diastolic volume; and re-examination of 
the clinical circumstances enumerated under 
better controlled conditions, especially with 
reference to osmotic balance. 

The tentative acceptance of left atrial recep- 
tors inhibiting neurohypophysial secretion does 
not, of course, exclude the possibility that other 
volume receptors, not yet identified, may serve a 
similar function. 


EXAMINATION OF DIURETIC-ANTIDIURETIC 
PHENOMENA 


Some technical difficulties in the study of this 
problem were not evident when the investiga- 


* The infusion of saline (1,000 cc. at 77 to 146 cc. /min- 
ute) into “‘recumbent”’ subjects increases pulmonary ar- 
terial and pulmonary capillary pressure [35] and it may 
be presumed that pulmonary venous and left atrial 
pressure are also increased. 
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antinatriuretic system, as the latter is conceived in the discussion. The encircled 
letters supply reference points in the text. 


tions recorded were carried out. One considera- 
tion is that the immediate state of water balance 
of the subject can be defined and perhaps im- 
proved; obviously an antidiuretic effect cannot 
easily be established when ADH secretion is 
nearly maximal, nor can a diuretic effect be 
established when ADH secretion is minimal. A 
priort, one may conceive that the most appro- 
priate steady state for such studies would be one 
of exact water balance, as indicated by an 
osmotic U/P ratio of 1.0. Man, (like the dog) 
when taking water ad /1b., generally operates in 
a moderate though not maximal antidiuretic 
state as indicated by an osmotic U/P ratio 
greater than 1.0. To achieve an osmotic U/P 
ratio of 1.0 (which indicates no net loss or gain of 
water in the body), a sufficient quantity of 
exogenous water must be administered steadily 
to counterbalance the simultaneous osmolar 
clearance [727]. Observations in this laboratory 
show that in sixteen hospitalized subjects sub- 
sisting on a mixed ward diet the postabsorptive 
osmolar clearance averages 2.29 cc./minute 
(range 1.38 to 3.00 cc./minute) per 1.73 square 
meter [77]. This figure will, of course, vary with 
salt and protein intake, and its prior estimation 
in any subject will remain largely a matter of 
guesswork. However, using the figure 2.3 cc./ 
minute simply for discussion, to attain an osmotic 


U/P ratio of 1.0 requires that the subject re- 
ceive a priming dose of water (perhaps 500 cc. ) 
followed by the constant administration, orally 
or intravenously (perhaps best as 5 per cent 
glucose) of additional water at a rate of 2.3 cc./ 
minute. (Here we ignore endogenous water 
liberation which will be roughly balanced by 
insensible water loss). 

Second, it is no longer adequate to report 

(water) diuresis or antidiuresis simply in terms 
of changes in urine volume or the concentration 
of a single solute; the free-water clearance (Cy,o) 
should be distinguished from the simultaneous 
osmolar clearance by appropriate measure- 
ments of the osmotic pressure of plasma and 
urine [727]. 
_ The use of anesthesia or morphine in animals 
should be avoided whenever possible, and in 
man due consideration should be given not only 
to psychogenic factors, posture, etc., but to the 
previous history of the subject with respect to 
hydration, as discussed later in this paper, and 
possibly to the intake of salt and protein. 


ANTINATRIURESIS 


See A, Figure 2 


Where the prepotent stimulus to water con- 
servation—increase in the osmotic concentration 
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of the plasma (and interstitial fluid)—has been 
clearly established, the equivalent stimulus to 
sodium conservation continues to be elusive. As 
noted earlier, it has long been thought that some 
aspect of the volume of the body fluids takes 
precedence over the plasma sodium concentra- 
tion and other clinically measured terms, and it 
is with this volume elemént that this section 
deals. 

We need not here be concerned with the 
neurohypophysis because the evidence pre- 
ponderantly indicates that ADH is not directly 
concerned in sodium balance in man. The litera- 
ture up to 1950 has been cited [726], but more 
recent studies have added new evidence to the 
conclusion that ADH has no direct action on 
sodium excretion (Sinclair-Smith et al. [723], 
White et al. [747], Chalmers et al. [27], Black et 
al. [77|, Murphy et al. [95], Holland et al. [67], 
Ladd [78], Stanbury and Thompson [728], 
Nelson et al. [96], Weston et al. [746], Selkurt 
120\, Davis et al. |33|). An apparent exception 
to this negative opinion is afforded by the data 
of Ladd {78|, which will be discussed later. 
Conversely, sodium retention induced by con- 
striction of the inferior vena cava below the 
diaphragm is not dependent on the neurohypo- 
physis or water intake [80]. 

Acute hydration may occasionally reduce 
sodium excretion slightly (Kattus et al. [70], 
Darragh et al. [32], Urbach et al. [737]); but 
Leaf et al. [82], Weston et al. [746] and Cheek et 
al. [28] have argued that the sustained hydremia 
and expansion of body fluid volume which ensue 
when pitressin is given in small doses over long 
periods lead to increased sodium excretion as an 
indirect homeostatic response. A possible ex- 
planation of this delayed natriuresis during 
hydration has been offered by Wrong [754] and 
will be discussed later. 

Hemorrhage, Orthostasis and Venous Occlusion. 
Decreased sodium excretion (by exclusion of 
changes in filtration rate here taken to represent 
increased tubular reabsorption) is observed 
in hemorrhage [52,90,98|, and in orthostasis 
'42,54,70,107,148|. Orthostatic antinatriuresis* 


* The antinatriuretic effect of posture is exaggerated in 
patients with orthostatic hypotension [3]. 

Antinatriuresis occurs during mild exercise in the up- 
right position (Kattus et al. [70]) but this may be in part 
referable to orthostasis since it does not occur during 
exercise of the legs in the supine position [50]. It may be 
noted that exercise in the supine position does not in- 
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is substantially reduced by bandaging the legs 
(707|, but it is not blocked by alcohol [707} 
(which blocks moderate antidiuresis by neuro- 
hypophysial inhibition), by hydration [{ 735] or by 
sympathectomy | 47]; and increased reabsorption 
of sodium (chloride) occurs despite Na2SO, 
diuresis | 43|. The data of Epstein et al. | 42] indi- 
cate that the infusion of 750 cc. of 4 per cent, 
or 300 cc. of 25 per cent albumin, did not 
wholly prevent antinatriuresis during orthostasis, 
whereas the infusion of 400 cc. of 6 per cent 
saline did prevent it despite some reduction in 
filtration rate. Both procedures were shown in 
some subjects to expand plasma volume. 

Antinatriuresis is also induced by venous oc- 
clusion of the limbs by cuff [49,757] and by vena 
caval balloon [46] and possibly in the sitting as 
compared with the supine position [86]. 

Hyperoncotic Albumin Solutions. Goodyer et 
al. [53] found that concentrated albumin solu- 
tions, in amounts sufficient to expand the 
plasma volume by 20 per cent, markedly reduce 
sodium excretion in man, an observation con- 
firmed by Welt and Orloff {743].t Petersdorf and 
Welt [709] showed that this antinatriuresis oc- 
curs during near-maximal diuresis in normal 
subjects and in patients with diabetes insipidus, 
ruling out the participation of the neurohypoph- 
ysis. Orloff and Blake {707} did not consistently 
obtain an antinatriuretic effect with hyper- 
oncotic albumin in the dog, but their failure to 
do so may perhaps be attributed to a counter- 
balancing increase in filtration rate in their 
experiments. 


crease sodium excretion, even though it probably in- 
creases cardiac output and systemic pulse pressure. 

Exercise in dogs does not alter the renal blood flow, 
filtration rate or sodium excretion, unlike man exercising 
in the upright position, suggesting either a species differ- 
ence [72,24] or an effect in man related to orthostasis. It is 
not clear, however, that the severity of the exercise is 
physiologically equivalent. 

+ When given at night the albumin had little effect, 
but because of the diurnal cycle sodium excretion was 
very small at this time and further reduction could not be 
anticipated. The antinatriuretic effect was also demon- 
strated in a patient with Addison’s disease (implying, 
with much other evidence now available, that tubular 
reabsorption of sodium remains under control in the 
absence of the adrenal glands). Welt and Orloff suggest 
that there might be intravascular “‘onco-receptors” which 
are activated by the colloid osmotic pressure of the blood. 

Josephson and his colleagues [69] report that dextran in 
isotonic glucose is antinatriuretic in man, but the colloid 


pressure of the solutions used is not reported. 


| 
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NATRIURESIS 


See B, Figure 2 


Whereas numerous circumstances induce un- 
equivocal antinatriuresis, no physiologic circum- 
stance is known which leads to equally un- 
equivocal natriuresis except the administration 
of sodium chloride, and even here the magni- 
tude of natriuresis, although highly variable, is 
frequently not very remarkable.* Doubtless in 
the long-range balance the sodium content of the 
body is of no less importance than its water con- 
tent, but from moment to moment the sodium 
content is guarded more zealously. (Although, 
as we will see later, sodium can be excreted, 
relative to the filtered load, almost as copiously 
as water.) This parsimony should, perhaps, not 
be surprising. The regulation of the volume of 
the body fluids is a homeostatic problem not 
unique to the mammals; it has presumably been 
faced by the vertebrates throughout their fresh- 
water evolutionary history during which time 
water has generally been available in excess, 
sodium generally at a premium. Within limits, 
the organism can dispose of excessive sodium at 
leisure, whereas excessive loss leads quickly to 
critical depletion of the body fluids and to 
circulatory failure. Where “‘the mendicant posi- 
tion of the body fluids’’ once seemed to issue 
from the mere sluggishness or inefhiciency with 
which excess sodium is excreted, rather than 
from any physiologic priority of sodium over 
water [726], we are now inclined to reverse the 
emphasis; over the short range sodium is more 
carefully conserved because, in the long range, it 
has been the most precious. [This section can 
therefore begin appropriately with a negative 
accent. 

Circumstances Not Significantly Affecting Sodium 
Excretion. As noted earlier, the present evidence 
argues against the conclusion that either ADH 
or total body water plays a direct (regulative) 
role in sodium balance. 

It has frequently been observed that sodium 
excretion may be increased immediately after 
assuming the supine position, but such postural 
natriuresis is obviously transient and may be 


interpreted as merely reflecting the cessation. 


* The sodium involved in ion exchange mechanisms-—— 
bicarbonate reabsorption and titratable acid excretion, 
K+ excretion, etc.—is excluded from this argument be- 
cause of independent physiologic regulation; we conceive 
that body fluid volume regulation centers on sodium 
chloride, and that sodium rather than chloride is specifi- 
cally reabsorbed by the tubules. 


of the antinatriuretic state activated by the 
antecedent orthostasis. 

Reversing the sequence, Harrison and his col- 
leagues [86,90,92,740| believed that cervical 
compression prevented the antinatriuresis in- 
duced by the sitting position or by moderate 
hemorrhage (2.5 cc./kg.), but control and 
experimental observations were made at inter- 
vals of several days; and in view of the rather 
small differences observed, and the wide varia- 
tions known to occur from day to day, these 
observations fail to be conclusive. T 

Sodium excretion is not affected by cervi- 
cal compression in supine subjects, or by 
ulting in the head-down position in man 
| 5,26,41,92,97,140|, and the head-down position 
is without effect in the dog [700]. Nor does the 
effect of position in man seem to be attributable 
to dilatation of the venous system since bandag- 
ing the legs has no effect [92]. 

Fishman [48] has shown in the anesthetized 
dog that acute compression of the neck with a 
pressure cuff at 60 mm. Hg for thirty minutes, 
which increases jugular pressure by three-fold 
and cerebrospinal fluid pressure by two-fold, 
does not alter sodium excretion. Neck compres- 
sion with simultaneous drainage of cerebrospinal 
fluid, to permit the intracranial veins to increase 
in both volume and pressure while decreasing 
the volume and pressure of the cerebrospinal 
fluid, was also without effect. Nor was sodium 
excretion modified by the injection of saline 
into the cisterna magna, increasing cerebro- 
spinal fluid pressure to 500 mm. H.O. (It may be 
noted that these procedures did not alter urine 
flow, filtration rate or PAH clearance.) Bull [22) 
has shown that decreasing cerebrospinal fluid 
pressure in man is also without effect. 

It might seem that the antinatriuresis induced 
by hemorrhage, orthostasis and venous occlusion 
by pressure cuffs or vena caval balloon could be 
related to decreased filling of the intrathoracic 
circulation. Henry [60] holds to an unsettled 
opinion with respect to left atrial distention and 
natriuresis, but Sieker et al. [722], Surtshin et al. 
'734| and Boylan et al. [78] observed no consist- 
ent change in sodium excretion during negative 
pressure respiration in man, and Barbour et al. 

+ The reinfusion of blood after hemorrhage in dogs in- 
creases sodium excretion in both the denervated and in- 
nervated kidney [52], but one cannot judge from the 
reported data whether or not this represents more than 
the correction of the hemorrhage of oligemia. The infu- 


sion of plasma or blood in normal man has not been stud- 
ied under well controlled conditions. 
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(5| observed no change during carbon dioxide 
inhalation, despite the positive effects of both 
procedures on the excretion of water. 

One of the most surprisingly negative features 
of this problem is the failure of relatively large 
volumes (2,280 cc.) of iso-oncotic albumin (4 to 
6 per cent) in saline to induce natriuresis, as 
reported by Welt and Orloff | 743] and confirmed 
by Strauss et al. [732] a procedure which, as we 
have noted, produces a substantial diuresis. If 
changes in blood or plasma volume are related 
to sodium excretion this procedure would be 
expected to give a positive result, and it may be 
inferred that total circulating blood volume is 
not directly effective in determining sodium 
balance. Where changes in blood volume 
(hemorrhage) or in the distribution of blood 
(orthostasis, etc.) induce antinatriuresis, the 
immediate stimulus, it appears, must be sought 
in some derivative factor. 

Saline Solutions. ‘The most effective method of 
inducing natriuresis in normal subjects is the 
infusion of isotonic (or hypertonic) saline, the 
obvious effect of which is to expand the extra- 
cellular fluid. However, the natriuretic response 
in man is generally of slight or moderate magni- 
tude, quite variable from person to person, and 
significantly modified by certain circumstances 
which require special consideration. The present 
discussion of saline natriuresis will therefore be 
restricted to a few papers which have a special 
bearing on the location of possible receptors. 

Strauss et al. [737] had observed that sodium 
excretion is slightly greater during the infusion of 
saline in the supine position than in the sitting 
position. * These investigators went on to show 


* Papper et al. [705] obtained a rather more consistent 
increase in sodium excretion after infusion of isotonic 
saline in supine subjects, and in the average excretion over 
a four-hour period observed no consistent difference 
between the responses to 340 mEq. of sodium chloride 
whether given as isotonic (0.9 per cent) or hypertonic 
(5 per cent) saline in the same subjects. They concluded 
from chloride space calculations that plasma sodium 
concentration and extracellular fluid volume are of 
similar importance in inducing natriuresis under the 
conditions of their experiments. It may be questioned 
whether the chloride space is valid for estimating extra- 
cellular fluid volume because the distribution of infused 
sodium chloride solutions is highly irregular, as judged 
by changes in the inulin space [30]. 

The infusion of 3 to 5 per cent glucose (25 cc. /minute), 
a recognized method of inducing maximal diuresis, does 
not increase the excretion of sodium [40] in normal sub- 
jects, nor would one expect it to; the glucose is almost 
immediately removed by the tissues and such water as 
remains in the body at any moment is roughly distributed 
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that in well hydrated, supine subjects undergoing 
marked (water) diuresis, the infusion of 2 L. of 
hypotonic sodium chloride-bicarbonate solution 
increased sodium excretion even though the 
plasma sodium concentration was _ reduced. 
No natriuresis occurred in sitting subjects under 
the same conditions. The maximal rate of 
sodium excretion in these experiments was not 
large, but in view of (1) the absence of any 
increase in this figure in sitting subjects, (2) the 
failure of iso-oncotic albumin solutions to in- 
duce natriuresis as reported by Welt and 
Orloff | 743} and confirmed by Strauss et al. [737] 
in this study, and (3) the fact that expansion of 
total body water by hydration does not have a 
natriuretic effect, Strauss and his collaborators 
attributed the natriuresis induced in the supine 
position by hypotonic saline to expansion of the 
extracellular fluid volume in the “‘cephalad por- 
tion of the body’’——more “cephalad,” perhaps, 
than in the case of the diuresis induced by 
isotonic saline (which we have tentatively 
referred to the left atrium). 


LOCATION OF RECEPTORS 


We are disinclined to accept the view that the 
receptors involved in sodium conservation are 
located in the extravascular fluid of the legs; 
however obvious the legs may be in man, they 
present a very recent problem in vertebrate 
evolution. It can also be doubted that extra- 
vascular receptors are restricted to the abdomen 
because the abdomen is too soft and patulous, 
and subject to too many changes in volume and 
pressure, in the Pisces, Amphibia and many of 
the Mammalia, including man. 

The Venous System. The veins have long 
drawn attention in edematous states, but it 
seems unlikely that they are the locus of these 
receptors because they are readily distensible 
and the volume of blood in the venous reservoirs 
is highly variable and apparently not related to 
sodium retention. Circumstances which tend to 
collapse the peripheral veins, such as bandaging 
the legs of recumbent subjects [92] and tilting 
them into the head-down position [26], are 
without effect on sodium excretion. Hemorrhage 


throughout the body water (about 60 to 70 per cent of 
body weight), with little effect on the volume of inter- 
stitial fluid (about 5 per cent of body weight). The 
maximal net effect is equivalent to the administration of 
water, although actually most of the water is quickly 
excreted in the urine, 


636 


of any substantial degree, which is probably 
accompanied by decreased venous filling; ortho- 
stasis, which distends at least the subcardial 
veins; opening an arteriovenous fistula, which 
locally increases venous pressure and \ enous fill- 
ing [44], and venous congestion by pressure 
cuffs around the thighs are all effective in induc- 
ing antinatriuresis. Venous congestion of the legs 
is as effeciive in spianchnicectomized, hyper- 
tensive suvjects as In normotensive or unoperated 
hypertensive subjects, and Wilkins et al. [757], 
referring to unpublished data, reject distention 
of the veins as the effective stimulus. In their 
study of the effects of vena caval obstruction by 
balloon, Farber et al. {|46| concluded that if 
sodium retenton is related to vascular stretch, 
then the superior and inferior venae cavae re- 
act similarly and decreased sodium retention is 
not directly related to the increase in venous 
pressure peripheral to the obstruction. 

Intrathoracic Vessels. ‘The thorax may be ex- 
cluded, possibly in its entirety, by the failure of 
negative pressure respiration [78,722,734] (and 
possibly carbon dioxide inhalation) [5] to in- 
crease sodium excretion. * 

Intracranial Extravascular Location. If the re- 
ceptors are extravascular, then it seems plausible, 
as Strauss et al. | 732] first suggested, that they are 
above the thorax and, possibly as Strauss and his 
collaborators may have been thinking, in the 
kephalios, as the Greeks called the most anterior 
part of the body. 

In this view, one would suppose that the 
receptors are related to some sharply delimited 
‘pool’ of intracranial interstitial fluid, so con- 
stituted that reduction in volume would lead to 
excitation of related receptors by deformation. 
If the simplicity of this interpretation is to be 
preserved, however, it must be supposed that this 
pool of interstitial fluid is subject to the Starling 
principle: i.e. we must conceive it to be formed 
by filtration across a local capillary plexus, and 
hence subject to the opposing forces of hydro- 
static pressure and colloid osmotic pressure. 
Moreover, the capillary pressure itself must be 
subject to changes in antecedent arteriolar 
pressure, and hence in local arteriolar tone. 

The last point raises an immediate difhculty 
for the intracranial interstitial hypothesis be- 
cause of the seemingly unavoidable interposition 
of a variable arteriolar resistance proximal to 

* Voluntary hyperventilation increases sodium excre- 
tion but this may be referable entirely to respiratory 
alkalosis and increased bicarbonate excretion. 
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the local capillary plexus; this has the conse- 
quence of raising the as yet unanswerable ques- 
tion whether or not the local resistance may 
change, with consequent changes in capillary 
pressure, in a manner parallel with, or inde- 
pendently of, changes in systemic arteriolar 
resistance.t Thus the effects of hemorrhage, 
orthostasis, venous occlusion and even the sitting 
versus supine posture-——all of which elicit some 
vasomotor changes——cannot, under this hypoth- 
esis, be interpreted directly terms. of 
systemic hemodynamics and transcapillary fluid 
exchange. 

Apart from this difficulty, intracranial inter- 
stiual fluid volume receptors could explain 
(1) why natriuresis is induced by hypotonic, 
isotonic, and hypertonic saline; such solutions 
all expand the interstitial fluid generally: 
(2) why hyperoncotic albumin solutions induce 
antinatriuresis; such solutions expand the plasma 
volume at the expense of the interstitial fluid 
and reduce the volume of the latter; (3) why 
large volumes of iso-oncotic albumin solutions 
do not induce natriuresis; such solutions, if truly 
iso-oncotic, would have no effect on interstitial 
fluid volume so long as they do not change the 
capillary hydrostatic pressure; and (4) the facts 
that spontaneous natriuresis tends to be greater, 
and that saline solutions tend to be more effec- 
tive, in the supine than in the sitting position: 
nearly all investigators accept that a passive 
change in posture significantly affects the distri- 
bution of fluid between the vascular and the 
extravascular compartments, and it seems 
fair to accept that a smaller fraction of admin- 
istered saline would accumulate in the intra- 
cranial fluid in the sitting position than in the 
supine position. (Here, however, one cannot 
exclude the intervention of vasomotor changes. ) 
The hypothesis is at least compatible with the 
observation that bandaging the legs and tilting 
the subject in the head-down position are with- 
out effect. 

Against the intracranial interstitial fluid 
hypothesis is (1) the failure of Epstein [47] to ob- 
tain any change in sodium excretion in conscious 
dogs when hyperoncotic albumin solution is 
infused into the carotid artery. (Examination of 
the protocol reveals, however, that the dogs were 


t Scarcely less important than the mean arteriolar 
(and capillary) pressure is the pulse pressure, which pro- 
foundly affects lymphatic drainage | /06,755|. No informa- 
tion is available to the writer on the effects of pulse 
pressure on capillary filtration. 
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receiving 5 cc./minute of 0.9 per cent saline 
intravenously, equivalent to a load of 64.8 gm. 
of sodium chloride per day; this infusion had 
been maintained for some thirty minutes before 
the albumin was injected, and the control rate 
of sodium excretion was above 300 wEq./minute 
(25 gm./day); it is possible that increased 
filtration rate or other factors disposing towards 
natriuresis may have swamped an antinatriuretic 
stimulus of lesser intensity. This experiment is, 
however, critical, and unless it is negated by 
further studies without saline loading or other- 
wise explained, the hypothesis would be 
untenable without such modifications as would 
mean almost complete redefinition. ) 

Also against the hypothesis is (2) the presumed 
isolation of the receptor system from intra- 
cranial pressure. It is conceivable that a local 
pool of interstitial fluid might not be influenced 
by moderate changes in cerebral venous pres- 
sure; the interposition of a venular resistance 
beyond the capillary plexus (as in the venous tree 
of the kidney and other organs) [75] might main- 
tain local venous pressure substantially higher 
than, and relatively independent of, the pressure 
in the jugular veins; hence the failure of cervical 
compression and of the head-down position in 
man to modify sodium excretion cannot be 
weighed too heavily. However, it is very difficult 
to explain the negative results in Fishman’s [48) 
experiments in which, in the anesthetized dog, 
cervical venous pressure was increased by three- 
fold (to or above 60 mm. He), and cerebrospinal 
fluid pressure by two-fold. 

Cerebrospinal fluid is, of course, not interstitial 
fluid but a secretion isolated chemically (except 
for water) |/77| from the latter (and from the 
plasma) by ependymal and neuroglial cyto- 
plasm. But this chemical isolation affords no 
isolation against changes in intracranial venous 
(or capillary) pressure because the brain sub- 
stance, grossly and microscopically, is extremely 
soft and deformable. 

Consider, for argument, a deformable bag, 
impermeable except to water, filled with 
“interstitial fluid,’ the bag and its contents 
floating freely in cerebrospinal fluid; so long as 
the bag remains a completely closed system the 
application of hydrostatic pressure to the sur- 
rounding fluid would not deform it beyond the 
limits of the compressibility of water. But let the 
bag be penetrated by a plasma-filled capillary 
which is impermeable only to protein, converting 
it into a “Starling: osmometer,’ and let the 
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capillary contents be free to move along the 
capillary lumen; then changes in hydrostatic 
pressure in the surrounding fluid, transmitted 
by the deformable bag to its contents, will lead 
to transcapillary movement of the interstitial 
fluid and to changes in the bag’s volume and 
hence to its deformation. So long as the “‘intra- 
cranial interstitial fluid”’ pool is contained within 
a deformable membrane, it seems impossible to 
escape the conclusion that ‘‘external’’ (cerebro- 
spinal) hydrostatic pressure is equivalent to 
‘‘internal’’ (interstitial) hydrostatic pressure in 
relation to transcapillary fluid movement and 
volume changes. 

The argument applies with equal force to 
interstitial fluid throughout the body, and it may 
be that the interstitial (extravascular) hypothesis 
can be saved only by introducing a dynamic 
element or other novel feature. 

Intra-arterial Location. An intra-arterial loca- 
tion for receptors mediating sodium conserva- 
tion was implicit in the writings of Peters, Borst 
and others, but it was perhaps first explicitly 
stated by Epstein, Post and McDowell, [44] 
who related changes in sodium excretion to 
“the degree of filling of some portion of the 
arterial tree.’’ It is no serious disadvantage to this 
hypothesis that the location of the receptors is not 
indicated by any available evidence, even 
though it seems improbable that receptors spe- 
cific to this function are diffusely distributed 
throughout the arterial tree. An interesting: 
alternative in this matter has been suggested by 
Robinson |/74] who points out that changes in 
posture, etc. require immediate readjustments 
in vasomotor tone and that there may be affer- 
ents from blood vessels all over the body, signal- 
ling continuously the amount and distribution 
of peripheral vasoconstriction (or vascular 
filling) back to the vasomotor center. Such 
afferent impulses could conceivably converge 
also on central mechanisms controlling sodium 
conservation. 

This hypothesis could explain (1) the ant- 
natriuresis of hemorrhage, orthostasis, venous 
occlusion and the upright versus the supine 
position without invoking local vasomotor 
changes; these circumstances are all character- 
ized by some decrease in cardiac output and 
pulse pressure, and hence probably by decreased 
arterial distention. (It must be noted, however, 
that ‘‘arterial distention”’ is difhcult to assess 
and cannot be judged from mean arterial pres- 
sure, pulse pressure or cardiac output alone.) 
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The intra-arterial hypothesis is also compatible 
with the failure of leg bandages or tilting the 
subject in the head-down position to influence 
sodium excretion. 

Against the intra-arterial hypothesis is the 
fact that (1) large volumes (2,280 cc.) of iso- 
oncotic albumin given intravenously do not 
increase sodium excretion. This negative result 
requires that the fluid be quickly sequestered 
by vasodilatation in some segment of the vascular 
tree so that it does not increase the filling of the 
sensitive part of the arterial reservoir; (2) nor 
does this hypothesis explain the antinatriuresis 
induced by the infusion of hyperoncotic albumin 
in man. Such solutions quickly expand the 
plasma volume at the expense of the interstitial 
fluid, and the increment in plasma volume 
should have no effect, one thinks, other than 
that of a similar volume of iso-oncotic solution: 
(3) lastly, the natriuretic effect of isotonic and 
hypotonic saline are not readily explained by 
expansion of any part of the arterial tree be- 
cause these fluids are rapidly distributed between 
the blood and the interstitial fluid, and insofar 
as they remain in the blood, probably expand 
the venous system more than the arterial 
system. Perhaps it may also be counted against 
the intra-arterial hypothesis that (4) thora- 
columbar sympathectomy, traumatic or patho- 
logic transection of the cervical spinal cord in the 
absence of shock, and thoracic vagotomy (lower 
third, exclusive of a few concealed fibers), are not 
separately accompanied by disturbances in 
sodium balance (so far as the writer can learn 
from his surgical advisors), which taken col- 
lectively would leave intra-arterial receptors 
without an afferent neural path unless they are 
located in the heart, aortic arch or cervical- 
cranial arteries. 

Robinson’s [774] alternative suggestion, that 
the efferent (vasomotor) paths to the blood ves- 
sels might branch and convey to some subcortical 
center “‘for information”’ a copy of the orders go- 
ing out as constrictor impulses to the blood 
vessels “‘for action’? is worthy of serious con- 
sideration as a subsidiary mechanism, but has 
many difficulties in its way as a primary and 
primitive device for the homeostatic control of 
sodium conservation. 

Summary. Although much of the evidence 
cited is to some degree ambiguous, especially 
in respect to possible changes in filtration rate 
under circumstances promoting antinatriuresis 
and natriuresis, this evidence, we _ believe, 
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favors the thesis that volume receptors are, 
indeed, involved in sodium conservation. But 
where these receptors are located remains a 
moot question. Only two locations are supported 
by any substantial arguments; the intracranial 
interstitial fluid and the arterial tree (as a whole 
or in some unspecified part). The intracranial 
interstitial hypothesis has two counts against it, 
the intra-arterial hypothesis, four, but since it 
is better to weigh the evidence than to count it, 
we must admit to our inability to decide between 
(1) the intracranial interestitial hypothesis, 
(2) the intra-arterial hypothesis, (3) whether or 
not there are several’ qualitatively different 
systems of receptors variously situated through- 
out the body (which we can call the multiple 
nature hypothesis), or (4) whether or not there 
are any such receptors at all (which we can call 
the Cheshire Cat [25] hypothesis). 


EVIDENCE FOR THE EXISTENCE OF A CENTRAL, 
INTEGRATED ANTINATRIURETIC SYSTEM 


Except under (4), questions can still be raised, 
however, concerning the integration of sodium 
conservation with renal function in particular, 
and water balance in general. — 

To this end, we will outline a_ tentative 
syllogism, one rather more detailed than has 
been hitherto proposed, within’ which to 
interpret certain phenomena yet to be discussed. 
Apart from immediate convenience, perhaps 
the only service of the syllogism will be to stimu- 
late further experimentation and to give investi- 
gators a definitive target to annihilate seriatim if 
not immediately in toto. (Nor can all the presently 
known facts be immediately reconciled with any 
syllogism. ) 

In the following discussion we will speak of the 
‘“‘antinatriuretic system’? because, so far as we 
know, all changes in sodium (chloride) excretion 
result from promotion of tubular reabsorption 
(an antinatriuretic process); no factor is known 
(other than organic mercurials, etc.) which 
inhibits tubular reabsorption or promotes active 
tubular excretion. 

The regulation of the volume of the body fluids 
and hence of sodium conservation, we have 
noted, presents a problem which has presumably 
been faced by the vertebrates throughout their 
evolutionary history. Apart from other evidence, 
this circumstance would seem to justify the 
search for an antinatriuretic system which, 
by supplementing the antidiuretic system, 
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would subserve the ends of body-fluid volume 
regulation. 

In keeping with seemingly adequate physio- 
logic precedents, we suppose that this anti- 
natriuretic system contains the three formally 
identifiable components of the reflexes of the 
neuraxis: (1) receptors (location unspecified, 
but analogous to the osmoreceptors of the anti- 
diuretic system); (2) internuncials (intercalated 
paths which may be neural, humoral or both, 
and analogous to the supraoptico- and para- 
ventriculo-neurohypophysial tracts); (3) effec- 
tors (one or more humoral agents, analogous to 
the antidiuretic hormone, which promote 
sodium reabsorption by the renal tubules). * 

Regardless of the nature and location of (1) 
and (2), it is to be anticipated that (2) in the 
course of vertebrate evolution would have been 
incorporated in the central nervous system and 
integrated with other neural pathways, in a 


manner analogous to the osmoreceptor-neuro- 


hypophysial system. (See C, Fig. 2.) The experi- 
ments to be discussed supply, we _ believe, 
suggestive evidence, if not for central representa- 
tion, at least for integration somewhere. 

Returning to the fate of intravenously admin- 
istered saline, the literature on this subject is so 
large that only certain pertinent studies can be 
cited. 

Excretion of Saline in the Dog. Green and 
Faragh [55] showed that after the infusion in 
dogs of sodium chloride solutions, ranging in 
concentration from 5.15 down to 0.145 M., 
sodium excretion was markedly increased, the 
excretion fractionf in one instance reaching 
the phenomenal figure of 41.8 per cent, and 
frequently ranging between 20 to 30 per cent. 
Green and Faragh suggested that sodium ex- 
cretion is conditioned, not in the interest of 
sodium conservation, but rather of osmotic 
homeostasis. In view of other evidence, how- 


* Despite continuing debate, we set aside as without 
adequate foundation the belief that the renal nerves 
play any role in the control of sodium excretion beyond 
those effects which may issue from changes in vasomotor 
activity [702,720]. 

T The per cent of filtered sodium excreted in the urine. 
Ignoring the Donnan factor, k, this fraction is identical 
with the clearance ratio Cna/Cr X 100, and is generally 
calculated from the filtered load of sodium; but as Wes- 
son and Anslow [744] have pointed out, the reabsorption 
of bicarbonate, phosphate and some organic anions and 
the potassium ion exchange mechanism entail the 
obligatory reabsorption of equivalent sodium, and the 
specific conservation of sodium is better revealed by the 
excretion fraction of chloride. 
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ever, it seems preferable to adhere to the view | 
that osmotic homeostasis is maintained through 
the antidiuretic system. Green and Faragh 
believed that sodium excretion is not related 
consistently to the filtration rate, but later 
studies have shown that the filtration rate is a 
very important factor. 

Wesson and his colleagues |/45| had at this 
time been examining the effects in the dog of the 
sustained expansion of the extracellular fluid 
by a constant volume, maintained for periods 
up to eight hours and with minimal change in 
plasma electrolyte composition by the reinfusion 
of urine. After such expansion, both filtration 
rate and tubular reabsorption of sodium show a 
bimodal phasic response, indicating profound 
but slow readjustments in both functions. At the 
time when the filtration rate reached its maxi- 
mal value, 15 per cent of the filtered sodium 
was excreted; but subsequently, at the same fil- 
tration rate, this fraction decreased, in conse- 
quence of increased tubular reabsorption, to 
some 7 or 8 per cent. This appears to be the first 
quantitative demonstration that under condi- 
tions in which no identifiable factor other than 
extracellular fluid volume (and plasma protein 
concentration) is altered, and in which the 
filtration rate is constant, tubular reabsorption 
can undergo marked alteration. But these experi- 
ments, as well as the experiments of others, 
show that an increase in filtration rate alone, 
with presumably minimal change in tubular 
activity, Can increase sodium excretion mark- 
edly. It is certainly in part because of these 
readjustments in the filtration rate that the dog, 
when infused with 5 per cent saline, can increase 
the excretion fraction to 30 per cent or better 
|727|. So effective is the excretory adjustment 
that this animal can tolerate massive quantities 
of salt in the diet (4 gm./kg. per day, equivalent 
in man to 280 gm. per day) for periods up to six 
days without gain in weight or change in plasma 
sodium concentration. Under these conditions 
the filtration rate may increase by 100 per cent 
after salt ingestion, and over a twenty-four hour 
period more than 10 per cent of the filtered 
sodium may be excreted [79]. If man behaved 
like the dog, he could maintain himself in salt 
balance on substantially more than 100 gm. per 
day. Obviously man does not behave like a dog. 

Saline-induced Natriuresis In ‘‘ Normal’ Subjects. 


- When the reader studied physiology he possibly 


participated in a laboratory experiment which 
is still popular with instructors in that discipline, 


4 
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if not with the students. The First Year Class is 
divided into two groups, the sheep and the goats: 
the sheep drink a liter of tap-water, the goats a 
liter of 0.9 per cent saline; both groups are in- 
structed to collect urine at intervals until the 
‘diuresis’ is over. The tap-water group, of course, 
gets a rapid diuretic response which is over in 
two to three hours and then they write up their 
notes and go home. The saline group wait and 
wait for something to happen and may still be 
waiting at 5:00 o’clock and wondering whether 
they have subclinical renal disease or are in a 
latent state of cardiac failure. There is one 
pretty certain fact, and that is that they never 
find out what became of the saline. The half-life 
of a liter of isotonic saline in man is generally 
a good many hours, even after intravenous 
infusion. 

The short-range aspects of this problem were 
examined by Crawford and Ludemann [37| who 
confirmed the universal experience of the First 
Year Class. When “‘normal’’ subjects (editors 
wisely recommend that quotation marks be 
used or the word replaced by “‘subjects without 
evidence of cardiovascular-renal disease,”’ etc. ) 
receive 1 to 3 L. of isotonic saline intravenously 
at a rapid rate (13 to 56 cc./minute), sodium 
excretion during the next three and a half hours 
(when water diuresis would be largely finished) 
increases only moderately. The three- to four- 
hour excretion of equivalent quantities of sodium 
chloride in 5 per cent saline is scarcely greater, 
as shown by Papper et al. [705], but Baldwin, 
Biggs and Hulet [4] have recently found that 
2.5 per cent saline when infused for relatively 
long periods can induce a remarkable natriuresis 
at the peak of the response. In normotensive 
subjects infused for only one hour, the excretion 
fraction during the last twenty minutes of 
infusion averages 2.3 per cent, but if the infu- 
sion is continued for two to three hours, this 
figure for the last twenty minutes reaches 9.7 per 
cent.* (See Fig. 3.) It is clear, however, that as 
compared with the dog, man excretes saline 
very sluggishly, and certainly one important 
reason for this is that in the face of expansion of 
body fluids the filtration rate does not increase as 


* The longer infusion involves 231 to 318 mEq. of 
sodium, as compared with the 340 mEq. given by Papper 
et al. [705] who report only the average excretion over a 
four-hour period. It may also be noted that in the three 
subjects examined by Birchard, Rosenbaum and Strauss 
(9| the estimated peak excretion fraction after 2 per cent 
saline (1,000 cc. in sixty minutes) reached the unusual 
figures of 5 to 5.8 per cent. 
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it does in the dog, a species difference for which 
no explanation is available. 

Saline-induced Diuresis in Prehydrated Subjects. 
Examination of possible variables involved in the 
response to saline led Ladd [76] to the study of the 
effects of prehydration. In control subjects who 
had received no fluid during the preceding 
thirteen to seventeen hours, Ladd found, as 
others had, that after the infusion of 3 L. of 
saline (at 45 to 65 cc. minute), the urine flow 
typically increased only moderately (peak values 
averaged about 3.0 cc./minute with a maxi- 
mal figure of 3.5 cc./minute). The urine 
remained slightly hypertonic (osmotic U/P 
ratio above 1.0), indicating the persistence of 
mild antidiuresis. 

If, however, the subject is massively pre- 
hydrated by drinking as rapidly as possible (in 
fifteen to sixty minutes) 2 L. of tap water at a 
period eight to thirteen hours before the saline 
infusion, then this infusion generally induced 
a remarkable and apparently maximal water 
diuresis. The urine flow reached a maximal 
value fifty-five to sixty-five minutes after the 
start of the infusion, this maximum being main- 
tained for nine to twelve minutes. The peak 
urine flow ranged from 9.8 to 36 cc./minute and 
averaged 19.3 cc./minute, as compared with 
3 cc./minute in the non-prehydrated subjects. 
The maximal free-water clearance at the peak 
value is identical with that observed during 
the diuresis induced by 1.5 to 2.5 L. of tap water 
taken orally in the same subjects [78]. This diure- 
sis is prevented by pitressin, indicating that the 
renal tubules have not lost their sensitivity to 
ADH; and it is reduced by the infusion of hyper- 
tonic (1.2 to 1.5 per cent) saline, implying that 
the osmoreceptor-neurohypophysial system is 
not incapacitated. Nevertheless, the diuresis 
occurs in the face of a normal or even elevated 
plasma osmotic pressure. 

That the induction of diuresis in prehydrated 
subjects by isotonic saline is not attributable to 
the persistence of excess water in the body 
after prehydration is indicated by the fact that if 
the interval between prehydration and saline 
infusion is less than eight hours, the diuresis is 
greatly reduced in magnitude [76|.t That the 
change in the responsiveness of the osmoreceptor- 


1 In non-prehydrated subjects, the maximal diuretic 
response to 1.5 to 2.5 L. of ingested water is reached in 
100 to 120 minutes [78], and presumably in eight to thir- 
teen hours nearly all the water involved in prehydration 
would be excreted. 
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Fic. 3. Sodium (or chloride) excretion fraction (EF) in man (4, 7 and 8 refer to chloride excretion fraction). 1, Estimated 
EF (0.53 per cent) on 8 gm. salt/day. (Filtered load taken as 18 mEq./minute, UV as 0.095 mEq./minute.) 2A, Average 
EF in single periods for each of three patients, postabsorptive [737]. 2B, average max. EF in six patients after 3 L. of 0.9 
per cent saline at 25 cc./minute [737]. 3A, Average EF for ten unhydrated subjects, postabsorptive [77]. 3B, Average 
maximum EF for nine unhydrated subjects after 3 L. of 0.9 per cent saline at 45 to 65 cc./minute [77]. 4A, Average EF 
in three periods in each of seven subjects [8]. 4B, Average maximum EF in same seven subjects after 2.5 per cent saline 
(11.25 cc./kg. in forty-five minutes supplemented by 20 cc./kg. water orally) [8]. 5A, Average EF in thirteen subjects 
during last twenty minute period of one hour infusion of 2.5 per cent saline (12 to 13 cc./minute) [4]. 5B, Average EF in 
ten subjects during last twenty minute period of two to three hour infusion of 2.5 per cent saline (12 to 13 cc./minute) [4]. 
6A, Average maximum EF in seventeen subjects prehydrated (2 L. tap water orally) eight to thirteen hours’previously, 
no infusion [77]. 6B, Average maximum EF in eighteen subjects prehydrated as in 6A and infused with 3 L. of 0.9 per 
cent saline (45 to 65 cc./minute) [77]. For other data on prehydration plus saline see Table 1 [78]. 6C, Average maxi- 
mum EF in twelve subjects prehydrated and infused with 3 L. of 0.9 per cent saline as in 6A and with pitressin® 0.3 to 
1.0 myu/kg. per hour {78}. 7A, Average EF in eight hypertensive subjects receiving no infusion [8]. 7B, Average maximum 
EF in eight hypertensive subjects after infusion as in 4B [8]. 7C, Single period maximum EF in a patient with Cushing’s 
syndrome after infusion as in 4B [8]. 8A, Single period maximum EF value in a normal subject, E. C., after infusion as 
in 4B [8]. 8B, Single period maximum FEF in E. C. pretreated with cortisone (see text) and infused as in B4 [8]. 


neurohypophysial system is transitory is indi- 
cated by the fact that the diuretic response is not 
obtained if prehydration and saline infusion are 
separated by an interval greater than thirteen 
hours. 

Saline-induced Natriuresis in Prehydrated Subjects. 
Ladd |77| found that prehydration had similar 
consequences with respect to sodium excretion 
after saline infusion. The excretion fraction in 
non-prehydrated subjects before infusion aver- 
aged only 0.46 per cent; after saline (3 L.) this 
figure reached an average peak value of 2.5 per 
cent, a substantial although not dramatic 
increase. * (See Fig. 3.) In subjects who had been 
prehydrated, however, the excretion fraction 


* Similar excretion fractions after isotonic saline are 
reported by Wiggins et al. [749], Papper et al. [705] and 
others. 
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before infusion averaged 1.7 per cent—1.e. 
prehydration alone seems to leave a trace effect 
predisposing the natriuresis. But when pre- 
hydrated subjects are infused with saline (3 L.), 
the. peak excretion fraction averaged 8.8 per 
cent, with one value above 12 per cent. (These 
data are calculated from the filtered load of 
sodium; if calculated from the filtered load of 
chloride in order to exclude bicarbonate, etc., 
the excretion fraction would be increased by 
some 25 per cent of the reported values.) This 
increased sodium excretion is attributable only 
in small part to increased filtration; most of the 
increase represents decreased tubular reabsorp- 
tion. Assuming a filtration rate of 12.7 mEq. of 
sodium chloride per minute (102 mEq./L. X 
125 cc./minute), an excretion fraction of 8.8 
per cent would represent the excretion of 1,610 
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mEq. (94 gm.) of sodium chloride per day, 
enough to remove all the sodium chloride in the 
body (about 2,000 mEq.) in thirty hours. 

The natriuresis induced by saline in pre- 
hydrated subjects is wholly dissociable from 
the simultaneous diuresis; when the latter is 
blocked by the administration of pitressin, 
natriuresis is, in fact, increased; the peak excre- 
tion fraction of sodium in prehydrated subjects 
receiving saline and pitressin simultaneously 
averaged 14.7 per cent, as compared with 8.8 per 
cent without pitressin [78]. * This peak excretion 
represents 158 gm. of sodium chloride per day 
and would drain all the sodium chloride out of 
the body in fifteen hours. Fortunately, both 
the natriuretic and diuretic phenomena are 
self-limited. 


INHIBITION IN THE ANTIDIURETIC SYSTEM 


These phenomena, and others to be cited, at 
first glance seem inexplicably complex, but they 
may be reduced, we believe, to a simple pattern 
if we suppose that various afferent impulses on 
reaching the hypothalamic antidiuretic system 
(osmoreceptors-neurohypophysial tracts-ADH 
secretion) may exert either an excitatory or 
inhibitory effect, and that effects of the same 
sign may be arithmetically additive, effects of 
opposite sign, algebraically additive. (See E, 
Fig. 1.) 

It is commonly accepted that “‘increasing”’ the 
osmotic pressure of the body fluids “‘excites”’ 
the osmoreceptors of the neurohypophysial sys- 
tem; in these terms, hydration of the body 
decreases ADH secretion simply by decreasing 
or removing entirely the primary excitatory 
stimulus. Alcohol in moderate doses, however, 
produces diuresis at a constant plasma osmotic 
pressure | 73,776,733,738|, T and it will prevent the 
antidiuresis induced by moderate amounts of 
hypertonic saline if the two are administered 
simultaneously [73], presumably because it 
exerts an inhibitory effect at some point in the 
antidiuretic system. (Numerous other examples 


*In an earlier footnote we mentioned this paper as a 
n otable instance in which pitressin appears to have had 
a natriuretic effect. An alternative explanation, however, 
is that by preventing the excretion of water, pitressin 
leads to the further expansion of body fluid and increases 
it to a degree beyond that afforded by saline expansion 
alone. 

+ Rubiniet al. [776] have shown that alcohol also tends 
to decrease sodium excretion, but this effect is neither 
very marked nor consistent. 


Salt and Water Volume Receptors—Smith 


involving pain, excitement, anesthesia, con- 
ditioned reflexes, etc. involving neural excitation 
or inhibition of the antidiuretic system might be 
mentioned. ) 

It has previously been argued that afferent 
pathways from the left atrium can also induce 
diuresis at a normal (antidiuretic) plasma 
osmotic pressure; this phenomenon again im- 
plies inhibition at some point in the antidiuretic 
system by vagal afferent impulses, offsetung the 
normal activity of the osmoreceptors. Hence it 
may be presumed that the activity of this system 
at any moment reflects a balance between in- 
hibitory and excitatory stimull. 

One possible interpretation of the (water) 
diuresis induced in prehydrated subjects by 
isotonic saline is that after the prehydrating dose 
of water is excreted and the osmotic pressure 1s 
restored to normal values, there remains a trace 
effect within the antidiuretic system which takes 
the form of a latent or subliminal inhibition. 
Although ADH secretion is resumed after the 
water has been excreted, this subliminal in- 
hibition continues to increase in intensity, to 
reach a maximum some eight hours after pre- 
hydration (four or five hours after most of the 
prehydrating water has been excreted), at which 
time a second inhibitory stimulus, initiated by 
the infusion of 3 L. of isotonic saline, acts sum- 
matively to effect complete inhibition and conse- 
quently to produce maximal diuresis. 

This interpretation involves two novel fea- 
tures: long persistence of inhibition and potentia- 
tion with the passage of time. With respect to 
the first, it may be noted that excitation and 
inhibition in the neuromuscular system are 
generally of short duration (milliseconds): 
however, post-tetanic potentiation in a mono- 
synaptic spinal reflex may last for some minutes, 
the persistence of potentiation increasing with 
the intensity and duration of afferent stimula- 
tion [89]. Again, ‘‘use’’ in a spinal reflex may 
lead to increased synaptic function, disuse to 
prolonged decreased synaptic function {38}. 
Of greater interest to the present problem are the 
observations of Hernandez-Peon and his col- 
laborators that photically evoked activity in 
the lateral geniculate body |64)|, on the one hand, 
and acoustically evoked activity in the cochlear 
nucleus [65], on the other, can be inhibited 
(habituation) for as long as twenty-four and 
fifteen hours, respectively, by repetitive photic 
or acoustic stimuli. In both instances the per- 
sistent inhibitory effect appears to be related to 
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long collateral pathways in the reticular forma- 
tion of the brain stem. 

Progressive intensification of the posited 
“inhibitory effect’ in the antidiuretic system has 
no analogy, so far as I know, in sub-cortical 
neurophysiology. Progressive potentiation of 
inhibition after cessation of an_ inhibitory 
stimulus is a well recognized phenomenon in the 
conditioned reflex, but here cortical pathways 
are presumably involved, and no cortical partici- 
pation is posited in the present hypothesis. The 
difficulty presented by what we have called 
“progressive potentiation of subliminal inhibi- 
tion’? may be semantic rather than real, because 
in both the antidiuretic and antinatriuretic 
systems (vide infra) as here conceived, we are 
probably dealing with receptor-internuncial- 
effector systems much more complex than mono- 
synaptic reflexes, and possibly involving neural 
or neurohumoral cumulative effects arising 
external to these systems. 


CENTRAL INHIBITION IN THE 
*“*“ANTINATRIURETIC SYSTEM” 


Paralleling the interpretation proposed for the 
antidiuretic system, we suppose that expansion 
of the body fluids (or increased intra-arterial 
filling) leads primarily either to cessation of 
activity in (or inhibition of) * the antinatriuretic 
system, and thus to increased sodium excretion. 
(See C, Fig. 2.) That the natriuresis so induced 
is rarely maximal is shown by the facts that 3 L. 
of isotonic saline increase the sodium excretion 
fraction in the average to only 2.5 per cent [77], 
whereas a two- to three-hour infusion of 2.5 per 
cent saline increases it to 9.7 per cent [4]. 

It may again be posited that prehydration 
leaves an inhibitory effect in the antinatriuretic 
system (D, Fig. 2) which remains subliminal, so 
that after the eight to thirteen hour interval 
sodium excretion is only slightly increased. 
Again, however, we suppose that this inhibitory 
effect undergoes progressive potentiation with 
the consequence that when a second inhibitory 
effect is imposed by the rapid administration of 
saline, inhibition becomes functionally effective 
and marked natriuresis ensues. Hence, infusion 


* In the first instance we have visualized expansion of 
the body fluids as merely reducing excitation of the anti- 
natriuretic system (B, Fig. 2), as osmotic dilution of the 
body fluids is presumed to reduce excitation of the osmo- 
receptors in the antidiuretic system (A, Fig. 1), but for 
heuristic purposes “‘cessation of excitation” and “‘active 
inhibition” may be considered to be physiologically 
equivalent. 
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of saline eight to thirteen hours after prehydra- 
tion induces not only maximal water diuresis 
but also (near?) maximal natriuresis. 

An alternative explanation for the natriuresis 
induced by saline in prehydrated subjects might 
be sought in the interpretation of Wrong [754] 
who finds that when sustained hydration is pro- 
duced by the administration of pitressin and 
water, sodium excretion increases slowly to reach 
a maximal rate (125 to 200 wEq./minute) six to 
twelve hours after hydration. (We estimate 
the maximal excretion fraction to be 0.7 to 1.2 
per cent, roughly equivalent to Ladd’s average 
preinfusion value in prehydrated subjects of 
1.7 per cent.) Wrong suggests that this delayed 
natriuresis is due to the slow disappearance of 
aldosterone from the circulation. [his inter- 
pretation, however, fails to explain why the 
average peak excretion fraction in prehydrated 
subjects should increase to 8.8 per cent when 
saline is infused eight to thirteen hours later 
unless one posits that aldosterone secretion per- 
sists at a reduced level after prehydration and is 
further inhibited by saline infusion; or alter- 
natively, that the challenging infusion of saline 
brings about the cessation of secretion of some 
other antinatriuretic hormone far more potent 
than aldosterone itself. Nor does Wrong’s 
interpretation explain why a two- to three-hour 
infusion of 2.5 per cent saline leads to an excre- 
tion fraction of 9.7 per cent. Neither is it clear 
why the progressive destruction or excretion of 
any sodium-retaining steroid would so markedly 
increase the “‘inhibition”’ of the antidiuretic sys- 
tem effected by a challenging infusion of saline. 

A biologically warranted question phrased 
in teleologic terms may be asked here: would a 
subliminal but progressively intensified inhibi- 
tion in the antidiuretic and antinatriuretic 
systems be useful to the organism? Our im- 
mediate answer would be yes, to the extent that 
it would perhaps enable the organism to cope with 
successive, Closely related episodes of water or 
salt loading more effectively. Rembering that, 
with water available ad /ib., salt loading leads to 
(isotonic) water loading, we are encouraged to 
look for related phenomena after salt loading per 
se, a matter on which there is little information 
unless the observations of Birchard and Strauss, 
discussed later, are so construed. 


EFFECTS OF SECOND HYDRATION 


One more feature of Ladd’s experiments re- 
mains to be discussed. The diuresis induced by 
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saline in prehydrated subjects is not substantially 
reduced when the saline is infused immediately, 
after the ingestion of a second load of water 
(1.5 to 2.5 L. in fifteen to sixty minutes) * or early 
in the ensuing diuresis; but if the saline is infused 
later in the second diuretic response, the saline 
produces progressively less diuresis until—when 
administered at the tail-end of the second 
diuretic response—the saline-induced diuresis is 
nearly abolished. Thus it appears that a second 
episode of hydration abolishes the effects of the 
first (prehydration) episode. Perhaps we might 
speak here of “‘inhibition of inhibition” if this 
were not overburdening otherwise potentially 
useful words. If it is asked why a second episode 
of hydration (remembering that hydration is 
normally net an inhibitory stimulus to the 
antinatriuretic center) should erase the “‘inhibi- 
tion’’ which follows the initial prehydrating 
episode, it can only be noted that the initial 
‘inhibitory’? phenomenon was engendered by 
hydration in the beginning and itself remains 
unexplained. (Detailed data on the magnitude 
of natriuresis after a second episode of hydration 
are unfortunately not available. ) 


OTHER EXAMPLES OF POSSIBLE 
CENTRAL SUMMATION 


A few other experimental procedures bear 
upon this topic. Birchard and Strauss {/0) 
showed that if “‘normal’’ subjects are preloaded 
orally with saline (about 3 L.) the day before 
testing, then the ingestion while sitting up of 
isotonic saline (1 L.), which ordinarily has no 
such effect (see First Year Class experiment), 
leads to a very good (although not maximal) 
diuresis (5 to 8.9 cc./minute). Moderate 
hydropenia tends to off-set this diuretic response, 
probably by enhancing neurohypophysial activ- 
ity. Birchard and Strauss suggest that preloading 
with saline leaves the extracellular fluid volume 
significantly expanded the next day; this is 
doubtless true; but why, then, is not an equiv- 
alent diuresis induced simply by infusing 2 or 
3 L. of saline? It is possible that preloading with 
saline between —twenty-four and —sixteen 
hours leaves much the same subliminal inhibi- 
tion in the antidiuretic system as preloading with 
water at —eight to —thirteen hours. (It is 
noteworthy, however, that preloading with 
saline did not enhance sodium excretion during 


* The simultaneous administration of water and hyper- 
tonic saline leads only to antidiuresis, with no excessive 
excretion of sodium [8,66]. 
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the challenging dose of saline the next day: 
either any tendency toward natriuresis was 
offset by orthostasis or inhibition of the anti- 
natriuretic system is more specifically related 
to hydration of the body than to expansion of 
the extracellular fluid. ) 

Birchard and Strauss |/0| also report that 
isotonic saline induces moderate diuresis (3.3 to 
5.9 cc./ minute) in sitting subjects when ingested 
on the descending limb of water diuresis (1 L.), 
but not in non-hydrated sitting subjects. Again, 
since large volumes of saline do not have this 
effect, summation of fluid voluines, as suggested 
by the authors, seems less likely than summation 
of inhibitory effects. 

Conversely, Birchard et al. |9) have shown 
that drinking 1 L. of water induces diuresis in 
supine subjects when administered on_ the 
descending limb of hypertonic saline diuresis 
(1 L. of 2 per cent saline intravenously), at a 
time when the plasma sodium concentration 
(and presumably osmotic pressure) stll 
elevated and therefore predisposing to anti- 
diuresis. However, since the extracellular fluid ts 
not only expanded but also hypertonic, the 
addition of water to this fluid may simply 
expand it further and tip the scales in favor of 
diuresis, even as isotonic saline does in supine 
subjects. Anomalous phenomena such as this 
have hitherto been offered as evidence of *‘adap- 
tation” in the osmoreceptor system; Birchard, 
Rosenbaum and Strauss |9} review the literature 
on this subject, and the possibility of true adapta- 
tion cannot be lightly dismissed. However, 
‘‘adaptation” implies an immediate change in 
threshold of excitability with respect to the 
primary stimulus, whereas the phenomena dis- 
cussed here are generally not of this nature—for 
example, neither diuresis nor marked natriuresis 
are present in the interval eight to thirteen hours 
after prehydration, but remain to be ‘“un- 
covered”’ or induced by the “‘summation” of 
what are presumably inhibitory effects, one of 
which remains subliminal until the second 1s 
superimposed. 


RES INCERTAE 


There remain several observations which our 
syllogism cannot pretend to cover. Some years 


ago Hickey and Hare [66] utilized a combination 


of water diuresis and intravenous hypertonic 
saline (infusion of 2.5 per cent saline at 0.25 
cc./minute per kg. for forty-five minutes after 
20 cc./kg. of tap water per os) as a diagnostic 
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test for diabetes insipidus. Dr. Thomas Findley 
has entertained the possibility that the neuro- 
hypophysis may be involved in that still mysteri- 
ous melange known as hypertensive vascular dis- 
ease, and to test the functional integrity of this 
organ he and his collaborators |&| explored the 
effects of a modified Hickey-Hare test on, first, 
‘“‘normal”’ volunteers, and second, on patients 
with hypertensive vascular disease. The volun- 
teers reacted to the Hickey-Hare test much as do 
all ‘normal’ subjects——nothing very much hap- 
pened; the hypertonic saline produced ant- 
diuresis despite the ingested water and the 
excretion fraction of chloride in ten subjects in- 
creased to an average of 3.7 per cent, exceeding 
5 per cent in only one subject. It is unnecessary 
to dwell on the now frequently demonstrated 
fact, first recorded by Farnsworth [47] in 1943, 


that in response to a challenging infusion of 


saline, subjects with hypertensive vascular dis- 
ease respond with natriuresis substantially 
exceeding that observed in normotensive sub- 
jects; the maximal excretion fraction in eight 
hypertensive patients tested by Findley and his 
colleagues averaged 10.1 per cent, reaching 15.1 
per cent in one patient. * These investigators also 
tested one patient with Cushing’s syndrome, who 
responded with the phenomenal excretion frac- 
tion of 21 per cent. 

A pair of endocrine glands, located just above 
the kidneys, have long been thought to have 
(among other functions) something to do with 
the renal conservation of sodium. I [/27| have 
noted that in 1951, 1952 and 1953, approxi- 
mately 14,598 papers were published on these 
glands, and we still do not know anything much 
about them except that they somehow promote 
the tubular reabsorption of some fraction of the 
filtered sodium and that, in their absence, as 
Loeb and his colleagues showed many years ago, 
excessive loss of sodium in the urine leads to 
depletion of the extracellular fluid. Pharma- 
ceutical firms have made available several 

* Excessive natriuresis in hypertensive subjects does 
not seem to be specifically related to the infusion of sodium 
because it can be induced by the infusion of mannitol [79), 
isotonic glucose [40], isotonic saline with PAH and inulin 
(2 cc./minute) [4], and even by catheterization [94]. The 
only warrant for including hypertensive subjects in this 
list is that they supply additional evidence that the anti- 
natriuretic system is a labile one. Saline infusions fre- 
quently increase the filtration rate in hypertensive sub- 
ects, but their excessive natriuresis under provocation is 
apparently not solely related to this fact. Baldwin et al. 


(4) find that it is not related to any obvious defect in the 
kidneys and attribute it to an extrarenal origin. 
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preparations possibly related to the physiologic 
action of these glands, and Findley and his 
collaborators observed the effects of some of these 
preparations on a ‘“‘normal’’ subject. DOCA® 
produced an equivocal excretion fraction of 
3.7 per cent after hypertonic saline; ACTH 
(intravenously) increased this to 6 per cent; and 
pretreatment combined with simultaneous treat- 
ment with cortisone (200 mg. at—two days; 
100 mg. at—one day; 100 mg. at zero time) 
increased it to 8 per cent. (Fig. 3.) 

It seems, then, that (1) prehydrated normo- 
tensive subjects, (2) subjects with hypertensive 
vascular disease, (3) the one patient with 
Cushing’s syndrome who has been examined, 
and (4) normotensive subjects pretreated with 
ACTH or cortisone, have one or more features in 
common which lead to excessive sodium excre- 
tion when the body fluids are abruptly expanded 
with saline (and perhaps other) infusions. Taking 
typical figures, the result is that the sodium ex- 
cretion fraction, usually less than 1 per cent, 
increases to 3 per cent in “‘normal’’ subjects 
after body fluid expansion, and to nearly 10 per 
cent in the various circumstances enumerated 
above. These figures correspond to some 11, 33 
and 108 gm. of sodium chloride per day. If 
changes in filtration rate can confidently be 
excluded as causally related to increased natri- 
uresis (as we believe to be the case in the studies 
cited) then the explanation of the latter must be 
sought in the factors that determine the tubular 
reabsorption of sodium. 

In any case, when we discover what feature or 
features (1) prehydration, (2) hypertensive 
vascular disease, (3) Cushing’s syndrome, and 
(4) cortisone treatment have in common, we 
may have a monkey wrench on the physiologic 
mechanism(s) which controls the sodium content 
of the body, and which, when tampered with in 
the circumstances reviewed here, permits the 
excretion of sodium at a rate that, if continued, 
would deplete the body of sodium chloride in a 
day, more or less. If we ever do get our hands on 
such a monkey wrench we may have to use it 
carefully lest we have to infuse the patient’s own 
urine back into his veins [7,34] as a therapeutic 
life-saving measure. 


CENTRAL REPRESENTATION OF THE 
ANTINATRIURETIC SYSTEM 


The central representation of the antidiuretic 
system in the hypothalamic-neurohypophysial 
tracts is well established. With respect to sodium 
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conservation, it is conceivable that a humoral 
agent might be transmitted from receptors, 
however constituted and wherever located, 
directly to the kidneys without a central integrat- 
ing mechanism; but it is equally plausible to 
believe, on the phylogenetic grounds previously 
stated, that a central mechanism permitting 
integration may be located in the brain stem. 

Various lesions in the neuraxis have been 
said to be accompanied by disturbances in 
sodium balance, but such lesions are generally 
widespread and, in the absence of more detailed 
studies on diuresis and natriuresis under con- 
trolled conditions, throw little light on the pres- 
ent problem. It has been remarked that one 
of the strongest lines of evidence against the 
belief that sodium balance critically involves an 
integrating system in the neuraxis is that no 
lesion is known which causes an_ excessive 
excretion of sodium. This argument, however, 
fails to be convincing because of its negative 
nature. What is here called the antinatriuretic 
system presumably controls only part of sodium 
reabsorption and its action may be replaced, in 
event of impairment, by compensatory function 
in the kidney or elsewhere. 

In the absence of indications to the contrary, 
we would not look to the telencephalon (primi- 
tively concerned with smell) or the mesenceph- 
alon (primarily concerned with somatic segments 
anterior to the mouth, and notably the eye 
muscles and optic lobes) for this representation. 
The hind-brain (medulla and pons) is a possi- 
bility; although concerned with the mouth, 
respiration, temperature control, vestibular 
apparatus and neuromuscular co-ordination, 
this segment of the brain stem is also concerned 
with vasomotor regulation, a function closely 
related to body fluid regulation. On the other 
hand, the diencephalon seems to be a _ better 
possibility because of the location here of the 
antidiuretic system and the close relation of the 
median eminence and infundibular stalk to the 
adenohypophysis. 

Where the neurohypophysis is a down-growth 
from the floor of the third ventricle, the adeno- 
hypophysis is an up-growth from the roof of the 
mouth; in establishing its ultimate anatomic 
relation with the infundibular stalk, the adeno- 
hypophysis has lost most of the innervation and 
primary arterial blood supply it once may have 
had, and now remains virtually without a nerve 
supply and dependent for its blood largely upon 
a portal system, the blood of which is derived 


from the capillaries of the median eminence and 
infundibular stalk in the floor of the third 
ventricle. 

Wise [|/53| reports that stimulation of the 
caudal portion of the floor of the fourth ventricle 
in the dog increases sodium excretion, but if this 
region is critically involved, the localization of 
excitation is not sufficiently sharp to yield 
consistent effects. Moreover, the possibility of an 
increase in filtration rate must be ruled out, 
especially since the experimental lesions are 
close to the vasomotor center. On the other 
hand, Rauschkolb and Farrell |7/3| report that 
aldosterone excretion is not decreased by de- 
cortication or transection of the spinal cord, 
sympathetic trunks and vagi; but it is decreased 
by decapitation or decerebration just posterior 
to the diencephalon, indicating that some area in 
the latter exercises an influence on aldosterone 
secretion by the release of a circulating hormone. 
No a friort contradiction can be argued for these 
two series of observations, and there is no a 
priori reason to identify the antinatriuretic system 
as postulated here with a center controlling 
aldosterone secretion. 

As we have emphasized, the precise control of 
sodium balance must be very old, probably 
dating back to the earliest fresh-water verte- 
brates (or provertebrates). (The neuraxis is well 
preserved in a fossil Devonian ostracoderm, 
Cethalasfis, and has a structure wholly similar 
in its major segments to that of primitive recent 
fishes [56].) This circumstance leads to the 
speculation that a _ primeval antinatriuretic 
hormone, X, may have been secreted by some 
part of the neuraxis before the adenohypophysis 
and adrenal cortical tissue acquired their 
importance in sodium balance. We conceive 
that the secretion of X was evoked by reduction 
in the volume of body fluid and, carried directly 
to the kidneys, enhanced the tubular reabsorp- 
tion of sodium by the primitive nephron. As 
adrenal cortical tissue evolved and additional 
(peripheral) humoral agents became available 
to promote sodium reabsorption (perhaps only in 
a more or less constant or “‘obligatory”’ manner, 
or in relation to ion exchange mechanisms), X 
may have continued to serve as the active agent 
effecting rapid or facultative changes in tubular 
reabsorption, and the secretory activity of the 
adrenal cortex itself may have come in part un- 
der its control. (I am not aware of evidence 
that changes in adrenal cortical secretion are 
directly responsible for such rapid changes in 
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tubular reabsorption as have been discussed 
here, even though aldosterone secretion appears 
to be enhanced by circumstances which reduce 
the volume of the body fluids [6|.) When the 
adenohypophysis came into anatomic relation 
with the infundibular stalk and into humoral! 
dependence on the hypothalamic-adenohypo- 
physial portal system, X itself may have come to 
serve as a secretory stimulus to adenohypophysia! 
hormones such as ACTH, which supplemented 
it in the regulation of the secretion of sodium- 
conserving adrenocortical agents. 

These speculations, which are all they pretend 
to be, would lead us to look for the central 
representation of the antinatriuretic system in 
the brain stem, and perhaps in the hypo- 
thalamus; and for a neurohumoral agent that 
(1) has a direct antinatriuretic effect on the 
renal tubules and (2) that may act as a tropic 
or secretory stimulus to the adrenal cortex and 
possibly (?) to the adenohypophysis. The dis- 
covery of such an agent would go far to explain 
an increasing body of evidence that patients 
with Addison’s disease or bilateral adrenal- 
ectomy, when receiving supportive therapy in 
the form of excess sodium chloride and cortisone, 
and patients with panhypopituitary deficiency 
or after total hypophysectomy, can effect many 
of the rapid adjustments in sodium excretion 
characteristic of the normal subject | 7/35). 


SUMMARY 


The literature has been reviewed with respect 
to the effects of changes in volume of the body 
fluids on the excretion of water (diuresis) and 
sodium (natriuresis). Renal conservation ap- 
pears to be effected by humoral agents which 
promote the tubular reabsorption of (osmotically 
free) water, on the one hand, or sodium, on the 
other, and hence the _ controlling physio- 
logic mechanisms have been designated the 
‘antidiuretic’ and ‘“‘antinatriuretic’’ systems, 
respectively. 

It is well established that the antidiuretic sys- 
tem has central representation in the dienceph- 
alon, comprising receptors (osmoreceptors), 
intercalated or internuncial paths (supraoptico- 
and paraventriculo-hypophysial tracts) and a 
humoral effector agent (antidiuretic hormone). 

It is commonly accepted that water balance 
is primarily conditioned by the osmotic pressure 
of the body fluids, but abundant evidence shows 
that the antidiuretic system is subject to excita- 
tion and inhibition by neural pathways or agents 
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acting independently of osmotic pressure (the 
only such agent emphasized here is alcohol, 
which affords an illustration of inhibition), 
and presumably the activity of this system at any 
moment reflects the algebraic summation of 
several such excitatory and inhibitory stimuli. 

Attention is called to the recent demonstra- 
tion by Henry, Gauer and their colleagues that 
increased distention (diastolic volume) of the left 
atrium (and possibly the pulmonary veins within 
the pericardium) affords afferent vagal impulses 
which appear to induce diuresis by inhibition of 
the antidiuretic system. The diuresis induced by 
the change from sitting to supine position. the 
infusion of isotonic saline solution, iso-oncotic 
and hyperoncotic albumin solutions in the 
supine position (and possibly by the inhalation 
of 5 to 7 per cent carbon dioxide) may tentatively 
be interpreted as reflecting an increase in the 
inhibition of the antidiuretic system imposed 
by the left atrial reflex. Conversely, the anti- 
diuresis associated with hemorrhage, orthostatic 
circulatory insufficiency, occlusion of venous 
return by pressure cuffs or vena caval obstruc- 
tion, and the sitting position, are interpreted as 
reflecting a decrease in the inhibition imposed by 
the left atrial reflex. The tentative acceptance of 
the left atrial hypothesis does not exclude the 
existence of other volume-sensitive receptors 
having functional relations with the antidiuretic 
system. 

The factor or factors controlling sodium 
conservation are unknown, but the evidence 
indicates that among them is either the volume 
of the extracellular (interstitial) fluid (as pro- 
posed by Strauss and his collaborators), or the 
degree of filling of the arterial tree (as proposed 
by Epstein and his collaborators). Whatever the 
location of the receptors, it is proposed that the 
antinatriuretic system presents a similar pattern 
of receptors, internuncials, and at least one 
humoral effector agent which promotes sodium 
reabsorption by the renal tubules, and that this 
antinatriuretic system, like the antidiuretic 
system, has central representation (perhaps 
in the diencephalon) and is the locus of algebraic 
summation of excitatory and inhibitory stimuli. 

When a challenging infusion of saline solution 
is given to subjects who have been prehydrated 
(massive water diuresis) eight to thirteen hours 
previously, this saline induces marked diuresis 
and natriuresis, responses which are not observed 
in non-prehydrated subjects. It is suggested that 
these responses reflect a subliminal, progressively 
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increasing “‘inhibition’’ (the word is used in a 
qualified sense) in both the antidiuretic and 
antinatriuretic systems, this subliminal inhibi- 
tion reaching its maximal development after 
eight to thirteen hours at which time a second 
inhibitory stimulus (isotonic saline), which 
ordinarily has only a slight inhibitory effect on 
either system, now produces approximately 
complete inhibition of both systems with, conse- 
quently, maximal diuresis and possibly near 
maximal natriuresis. Other phenomena which 
can be interpreted as reflecting the central sum- 
mation of inhibitory phenomena in the anti- 
diuretic (and possibly the antinatriuretic) system 
are cited. 

The antidiuretic and the antinatriuretic sys- 
tems may apparently be excited and inhibited 
wholly independently of each other; but at 
any specific level of antinatriuretic activity, the 
antidiuretic system operates rapidly to promote 
the conservation or excretion of water in such a 
manner as to maintain the osmotic concentra- 
tion of the body fluids at a fixed constant value 
(about 283 +11 mOsm./L.), regardless of 
body fluid volume. In consequence of this final 
integration, the osmotic pressure of the body 
fluids is one of the most closely regulated of all 
homeostatic states and tends to take precedence 
over volume regulation. 


Acknowledgement: 1 am indebted to Dr. Franklin 
H. Epstein for permitting me to see the manu- 
script of his recent paper in advance of publica- 
tion. 
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The Genetic Aspects of Atherosclerosis 


EDWIN O. WHEELER, M.D. 


Boston, Massachusetts 


THEROSCLEROSIS aS manifested by coronary 
heart disease has been known to run in 
some families, but whether this familial preva- 
lence is the result of nature or of nurture has 
generally not been clear. There appear to be 
many disorders which predispose to the develop- 
ment of atherosclerosis, some of which are 
thought to be, in part at least, genetically 
determined. For most of these, however, we 
have very little knowledge of the method of 
inheritance. Diabetes, for instance, predisposes 
to the development of coronary heart disease and 
appears to be in large part genetically deter- 
mined, but as vet there is no definite agreement 
as to how it is inherited. Hypertension is a similar 
factor. 

The relationship of lipid metabolism to athero- 
sclerosis is of more interest because of the close 
association between the levels of serum lipids 
and coronary heart disease. At the present time 
little is known concerning genetic mechanisms 
which might affect serum cholesterol levels 
within the so-called ‘‘normal’’ range. Since 
the great majority of persons with atherosclerosis 
have cholesterol levels within this range, such 
mechanisms, if they exist, would be of great im- 
portance. However, the effects of diet, hormones 
and disease on cholesterol levels are such as to 
obscure all but rather striking differences and 
make such studies difficult to evaluate. 

Disorders of lipid metabolism have been 
found to predispose patients to coronary heart 
disease. Although these disorders are not com- 
mon, they are of interest because of the light 
they may shed on the problem of atherosclerosis 
as a whole. Of two lipid disorders known to be 
familial the method of inheritance has in one 
instance been well established. Idiopathic 
hyperlipemia occurs in families and is probably 
genetically determined. At present there are 
not enough data available to warrant any con- 


clusion concerning the mode of inheritance. 
However, familial hypercholesterolemic xantho- 
matosis has been carefully studied, and it is the 
purpose of this paper to review the genetics of 
this disorder and to present further data bearing 
on the mechanism by which it is inherited. 
Familial hypercholesterolemic xanthomatosis 
is characterized by an elevated level of serum 
cholesterol, a clear (not milky) serum, tendon 
nodules (xanthoma tendinosa), skin xanthoma 
(xanthoma plana and tuberosa) and xanthe- 
lasma. Other lipid abnormalities which are 
found less constantly include elevations of 
cholesterol: phospholipid ratios, Sfj2%9 and 
Sfzo-100 lipoproteins and beta lipoproteins. It has 
long been recognized that hypercholesterolemia 
may be the only manifestation of this disorder 
but the frequency with which xanthomatous 
lesions are found has generally been under- 
estimated. Piper and Orrlid [7] in a study of 
twelve families with this disorder concluded that 
in 80 per cent of their patients tendon lesions 
would eventually develop. In our study, the 
clinical details of which will appear in a subse- 
quent publication, 54 per cent of sixty-nine 
persons had tendon lesions and of those over 
forty years of age 91 per cent were so affected. 
These studies suggest that in most persons 
with familial hypercholesterolemic xantho- 
matosis tendon xanthoma will eventually de- 
velop. Xanthelasma, skin xanthoma and arcus 
senilis are much less common in our experience, 
being found in 26.1 per cent, 7.2 per cent and 
5.6 per cent of our patients, respectively. Coro- 
nary heart disease has been known to occur 
with great frequency in these patients. We found 
it in 27.5 per cent of ours and in 65.3 per cent 
of those over forty years of age. Atherosclerosis is 
an almost inevitable consequence of this disorder. 
Hypercholesterolemic xanthomatosis has gen- 
erally been considered to be an inherited dis- 


* From the Cardiac Laboratory of the Massachusetts General Hospital and the Department of Medicine, Harvard Medi- 
cal School, Boston, Massachusetts. This study was supported in part by the Mickles Fund for Cardiac Research. 
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order and two genetic mechanisms have been 
proposed to account for its familial prevalence. 
A number of investigators, including Muller [ 2}. 
Alvord [3], Svendsen [4], Wheeler [5], Piper and 
Orrlid [7|, and Leonard [6], have attributed this 
prevalence to simple Mendelian dominance, 
TABLE I 
SERUM CHOLESTEROL LEVELS OF 146 HEALTHY MEN 
ACCORDING TO AGE 


Cholesterol (mg. %) 


Age No. 
(yr.) 
Mean S.D. Mean + 2 S.D. 
20-29 20 195 41.1 277 
30-39 | 74 224 41.3 307 
2 238 40.8 320 


40-59 


*S.D. = Standard Deviation. 


whereas Boas and Adlersberg Adlersberg |, 
and Wilkinson [9] have suggested that the dis- 
order is inherited as an incompletely dominant 
trait, the heterozygous state being represented 
by hypercholesterolemia alone, the homozygous 
state by hypercholesterolemia and xanthoma. 
We have investigated the clinical features and 
prevalence of hypercholesterolemic xanthomato- 
sis in twelve families by the methods described 
herein. A genetic analysis of these data follows. 


METHODS OF STUDY 


One hundred and eighty relatives of twelve un- 
related persons with hypercholesterolemic xantho- 
matosis were examined. These 192 persons were 
selected and studied and the data analyzed by the 
following methods. 

Hypercholesterolemia was defined as a serum 
cholesterol] level greater than the mean plus two 
standard deviations of a control group. ‘This value was 
chosen as the upper limit of normal because sta- 
tistically only 5 per cent of a normal population might 
be expected to exceed this level. The control group 
consisted of 146 healthy men from twenty to fifty- 
five years of age who had previously been studied in 
this laboratory (Gertler, Garn and Bland [70]). The 
values for three age groups of this control series are 
listed in Table 1 and are similar to those reported by 
Keys and associates [7/7] for normal males in Min- 
nesota. The serum cholesterol levels for persons older 
or younger than the control group were compared 
with the nearest age group. Thus hypercholesterole- 
mia was defined without recourse to the results of this 
study. 

A diagnosis of hypercholesterolemic xanthoma- 
tosis was made only in persons who presented one 


Wheeler 


of two groups of findings as follows: (1) hyper- 
cholesterolemia, a clear serum and tendon nodules: a 
combination of findings which we will refer to as the 
“full syndrome,” or (2) hypercholesterolemia, a clear 
serum and a parent or sibling who had the “full 
syndrome.” Persons who had hypercholesterolemia, 


TABLE I 
THE PREVALENCE OF HYPERCHOLESTEROLEMIA IN THE 
CHILDREN AND SIBSHIPS OF PERSONS WITH 
HYPERCHOLESTEROLEMIC XANTHOMATOSIS 
ACCORDING TO AGE 


H ypercholestero- 


lemics 
(yr.) 
No. 
0-19 44 23 52.3 
20-39 47 23 49 0 70 
40 + 28 17 60.7 
Totals 119 63 52.8 


Nore: These 119 are the 68 children and 51 siblings 
used in the genetic calculations and found in Figs. 1 and 
3 


TABLE It 
(HE PREVALENCE OF TENDON NODULES IN THE 
HYPERCHOLESTEROLEMIC CHILDREN AND SIBLINGS 
OF PERSONS WITH HYPERCHOLESTEROLEMIC 
XANTHOMATOSIS ACCORDING TO AGE 


With Tendon 


Nodules 

Age 

(yr.) No. p 
No. 

0-19 23 17.4 

20-39 23 2 52.2 01 

40 + 17 15 88 3 

‘Totals | 63 31 49 3 


but whose siblings or parents were not known to have 
the “‘full syndrome” were not classified as having this 
disorder. 

Is this second type of classification justified? Do 
hypercholesterolemic children and siblings of persons 
with the “‘full syndrome” have this disorder as previ- . 
ous investigators have assumed? The results of this 
study support this concept. In Table m the prevalence 
of hypercholesterolemia in the children and siblings 
of persons with hypercholesterolemic xanthomatosis is 
listed according to their ages and indicates that the 
prevalence does not increase with age. In Table mi the 
prevalence of tendon nodules is also listed according to 
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the ages of these hypercholesterolemic children and 
siblings. Below the age of twenty years only 17.4 per 
cent of these hypercholesterolemic persons had tendon 
nodules, whereas over the age of forty years, 88.3 per 
cent were so affected. ‘This strongly. suggests that in 
those individuals with hypercholesterolemia alone the 
“full syndrome” will eventually develop. Thus we 
believe that the second definition of this disorder is 
a generally valid one. 

The twelve index cases were consecutive unrelated 
patients with the “‘full syndrome” who were seen on 
the wards of the Massachusetts General Hospital or as 
private patients. All had hypercholesterolemia, a clear 
serum and tendon nodules. In addition, eight had 
coronary heart disease, eight had xanthelasma, three 
had skin xanthoma and one had a corneal arcus. 

An attempt was made to examine the close rela- 
tives of these index cases who were living in the Boston 
area. The children and siblings of normal relatives 
were not regularly studied. Children below the age of 
six years were not asked to cooperate, but at the par- 
ents request these children were examined. One 
child and two adults refused to be examined. No 
statistics are included in the data on persons who were 
dead at the time of the study except in Table v1 
where they are used to determine birth order. Al- 
though the twelve patients were not selected because 
it was known that they had relatives with this disorder, 
it is possible that patients whose relatives had the 
same disorder would be more likely to seek medical 
attention and to cooperate in such a study. 

All 192 persons in this study were examined by me. 
Most of these people were examined in their homes. 
The examination consisted of a history and physical 
examination recorded on a mimeographed form, a 
urine examination for sugar and albumin, a deter- 
mination of serum cholesterol, determination of 
Sfie-se and serum lipoproteins, an electro- 
cardiogram and blood typing. Fluoroscopic or 
roentgenographic examination of the heart was made 
on persons seen in the office or hospital. Although in 
some instances there were multiple determinations of 
serum cholesterol, only the first determination is 
reported in this paper so that the method of reporting 
is consistent for the entire study. 

Serum cholesterol was determined according to the 
methods of Bloor [72]. In the analysis of the data and 
their statistical significance, standard statistical meth- 
ods were used. These included standard error of the 
difference between means, standard error of the dif- 
ference between proportions, and chi square with 
correction of Yates for small numbers. Calculations of 
expected numbers of affected persons among the 
siblings of persons with the disorder were made accord- 
ing to the method of Hogben [73]. 


RESULTS 


The Familial Prevalence of Hypercholesterolemic 
Xanthomatosis. ‘The prevalence of hypercholes- 
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terolemia in the children of parents with this 
disorder is compared with its prevalence in the 
children of parents without the disorder. (Figs. 1 
and 2). In the twenty-five families in which one 
parent had hypercholesterolemic xanthomatosis, 
thirty-four children or 50 per cent had hyper- 
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Fic. 1. The prevalence of hypercholesterolemic xantho- 
matosis among children of parents with this disorder. 


cholesterolemia. Of twenty-four children from 
eleven families in which no parent had the 
disorder, one had hypercholesterolemia. These 
data are in accord with the prevailing belief that 
hypercholesterolemic xanthomatosis is a familial 
disorder. 

The Method of Inheritance of Hypercholesterolemic 
Xanthomatosis. The data from this study have 
been analyzed to see if the observed familial 
prevalence of the disorder is in keeping with any 
known genetic mechanism. Two groups of fami- 
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lies were analyzed for this purpose: Group 1, 
families in which a parent was the “‘index case,” 
i.e., the person through whom the other mem- 
bers of the family were located, and Group nu, 
families in which a child was the index case. 

In group 1, there were twenty-five families in 
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Fic. 2. [The prevalence of hypercholesterolemia among 
children of normal parents. 


which a parent who had hypercholesterolemic 
xanthomatosis was the index case. (Fig. 1.) In 
fifteen of these families both parents were alive 
and were examined. In each family one parent 
had the “‘full syndrome” and the other did not 
have the disorder. Of the latter, four had hyper- 
cholesterolemia but no known relatives with 
hypercholesterolemic xanthomatosis and are 
assumed to be normal in this respect. Of forty 
children, eighteen or 45 per cent had hyper- 
cholesterolemia and of these two had the “‘full 
syndrome.” 

There were ten families in which the data 
concerning the parents were less complete. In 
three of these the index parent had the “‘full 
syndrome,” but the other parent was dead or, in 
one case, uncooperative; of six children four had 
hypercholesterolemia. In another three families 
the index parent had hypercholesterolemia and 
siblings with the ‘“‘full syndrome,” the other 
parent was normal: one of six children had 
hypercholesterolemia. In the last four families 
the index parent was dead but had living siblings 
with the “‘full syndrome.” In one of these families 
there was a reliable history of tendon nodules in 
the index parent, and in the other three the index 
parents had died of probable coronary disease 
in their forties. It is assumed that these four 
parents had the disorder. Of sixteen children, 
eleven were hypercholesterolemic five of whom 
had the “‘full syndrome.” 

Summary of these data, from the twenty-five 
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families in which a parent with hypercholes- 
terolemic xanthomatosis was the index case, 
shows that thirty-four of sixty-eight children (50 
per cent) had this disorder. 

Are these results in keeping with any genetic 
mechanism? If the disorder was inherited as a 
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Fic. 3. The prevalence of hypercholesterolemic xan- 
thomatosis among siblings and parents of persons with 
this disorder. 


simple Mendelian dominant and only one parent 
was affected, 50 per cent of the children would be 
expected to have the disorder. The only other 
mechanism which could have produced this 
prevalence in the children would be one in 
which the disorder represented the homozygous 
state while the heterozygous state produced no 
recognized abnormality, with the assumption 
that the unaffected parent in each family was 
heterozygous for this disorder. The latter explan- 
ation seems most unlikely. 

In group u, there were twelve families in 
which the index case was a child with the full 
syndrome. (Fig. 3.) The data from these families 
have been analyzed with regard to the preva- 
lence of the disorder among the siblings of these 
children. In ten of these families data about the 
parents is incomplete: in eight both parents were 
dead, in one the living parent was normal and in 
one the living parent had the ‘‘full syndrome.” 

Does the number of siblings with the disorder 
follow the pattern of simple Mendelian domi- 
nance suggested by the data from the children of 
affected parents? In Table rv a calculation has 
been made of the number of siblings who might 
be expected to have the disorder in these ten 
families, assuming first that the disorder is 
inherited by simple Mendelian dominance and 
secondly that only one parent has the disorder. 
The latter assumption is reasonable in _ the 
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presence of an uncommon disease. This calcula- 
tion is made according to the method of Hog- 
ben [73] which takes into account the fact that 
families with no affected children can not be 
found by this type of selection. Of the forty- 
seven siblings, twenty-six had the disorder 


TABLE IV 
COMPARISON OF OBSERVED AND EXPECTED NUMBERS OF 
SIBLINGS WITH HYPERCHOLESTEROLEMIC 
XANTHOMATOSIS ASSUMING SIMPLE 
MENDELIAN DOMINANCE AND 
ONE PARENT AFFECTED 


| | 
., ,.. | No. of Affected | No. of Affected 
Sibship 


Sibship | Siblings Siblings 
Size No. Observed Expected * 
1 | eeeeves 
> 1 1.333 
3 1 1.714 
4 3 6.399 
5 ? 5 5.162 
6 ? 7 6.094 
~ sees 
‘Totals 10 26 24.718 


Nore Significance ratio t = 0.45. 
* Calculated according to formulas in reference 13. 


whereas the expected number was 24.7. This 
difference between the observed and expected 
numbers is not statistically significant. ‘Thus the 
data from these ten families also fit the pattern 
of simple Mendelian dominance. 

There were two of the twelve families in 
which both parents were living. In one of these 
both parents had the “full syndrome” and both 
children had the disorder. In the second family 
both parents were normal and one of the two 
children had the “full syndrome.” This last 
observation is not consistent with the mechanism 
of simple dominance since one parent would be 
expected to have the disorder. There are several 
possible explanations for this finding: (1) the 
disorder is present in one of the parents but not 
manifest due to lack of “penetrance” or other 
factors, (2) there has been illegitimacy, or 
(3) mutation has occurred. This last seems 
unlikely since distant relatives have the disorder. 
Illegitimacy cannot be proved by the blood 
types. There is no information available bearing 
on the question of penetrance. Thus there is no 
adequate explanation for the findings in this one 
family. 
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The foregoing analysis indicates that hyper- 
cholesterolemic xanthomatosis is inherited as a 
simple Mendelian dominant trait. 

The Prevalence of Hypercholesterolemic Xantho- 
matosis According to Sex. The family data have 
been analyzed with regard to the relationship 


TABLE V 
THE PREVALENCE OF HYPERCHOLESTEROLEMIC 
XANTHOMATOSIS AMONG THE CHILDREN AND 
SIBSHIPS OF PERSONS WITH THIS DISORDER 
ACCORDING TO SEX 


Males Females 
% 
With 
No. Dis- No. Dis- 
order order 


Children of parents | | 
with the disorder.., 42 | 57.2 | 26 | 38.5; .30 

Sibships of persons | | | | 
with the disorder... 19 | 36.9 32 | 68.8 .01 


© 


between sex and the prevalence of the disorder. 
(Table v.) Among the sixty-eight children of 
parents with the disorder there were forty-two 
males and twenty-six females, of whom twenty- 
four males and ten females had the disorder. 
These numbers do not differ significantly from 
the expected ratios of 50 per cent. In the 
families in which a child with the disorder was 
the index case, twenty-two of thirty-two females 
and seven of nineteen males had the disorder. 
In this group there appear to be too many 
females with the disorder. This may be explained 
by the fact that in nine of these twelve families a 
woman with the disorder was the index case. 
Totaling all these data we find that thirty-one of 
sixty-one males and thirty-two of fifty-eight 
females had the disorder. Thus there was 
no evidence that the disorder was sex limited or 
sex determined in these families. 

The Prevalence of Hvpercholesterolemic Xantho- 
matosis According to Birth Order. ‘The data have 
also been analyzed with regard to a possible rela- 
tionship between birth order and the prevalence 
of hypercholesterolemic xanthomatosis. For this 
purpose both family groups have been combined 
and dead siblings have been used for the purpose 
of determining birth order. (Table vr.) There 
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appears to be no association between birth order 
and the prevalence of this disorder. 

Ethnic Origin and the Prevalence of Hyper- 
cholesterolemic Xanthomatosis. ‘There was no evi- 
dence that any particular racial group was prone 
to have this disorder. In these twelve families the 


TABLE VI 
PREVALENCE OF HYPERCHOLESTEROLEMIC XANTHOMATOSIS 
IN THE CHILDREN AND SIBSHIPS OF PERSONS WITH 
THIS DISORDER ACCORDING TO BIRTH ORDER 


Birth No. No. Persons Per cent 

Order Persons with Disorder with Disorder 
I 35 15 42 8 
2 32 20 62.6 
4 22 12 54.7 
4 13 7 53.8 
5 9 5 55.7 
6 4 25.0 

l l 100 0 
0 0 | 
9 ] {) 0 
Totals 119 63 52.8 


Nore: X? = 2.52. N = 4 p = 0.50. 


following racial backgrounds were represented: 
English (1), German and English (1), Scotch 
and English (1), Scotch (1), Irish (1), Syrian (1), 
Jewish (3) and French Canadian (3). This is in 
accord with previous reports which indicate that 
the disorder is not confined to any particular 


racial group. 


COMMENTS 


The foregoing analysis of the genetics of 
hypercholesterolemic xanthomatosis indicates 
that hypercholesterolemia is inherited as a simple 
dominant state. The appearance of tendon 
xanthoma and other clinical manifestations of 
the disorder is dependent upon age and the level 
of serum cholesterol. This is in agreement with 
the studies of many investigators. However, Boas 
and Adlersberg [7,8] and Wilkinson [9] have 
suggested that hypercholesterolemia represents 
the heterozygous state, the homozygous state 
being represented by xanthoma. That such was 
not the case in the present study is indicated by 
consideration of the following points. In the first 
place, the genetic data do not permit such a 
hypothesis. Of forty-six children of eighteen 
parents who had the “‘full syndrome,” twenty- 
four had normal cholesterol levels. There were 


two families in which one parent had the “‘full 
syndrome” and the other parent was normal, 
but in which two of the four children had the 
‘full syndrome.” If the theory of incomplete 
dominance was correct for these families, all the 
children in the first type of family should be 
hypercholesterolemic, while in the second type 
of family none should have the ‘“‘full syndrome.” 

[In the second place, although the prevalence 
of hypercholesterolemia is not related to age in 
the children or siblings of persons with this dis- 
order, the prevalence of tendon nodules increases 
with age. (Tables u and wm.) Thus of the 119 
siblings and children of persons with hyper- 
cholesterolemic xanthomatosis used the 
genetic calculations, hypercholesterolemia was 
found in 52.3 per cent of those zero to nineteen 
vears of age, in 49 per cent of those twenty to 
thirty-nine vears of age, and in 60.7 per cent of 
those forty vears of age or more. However, of 
these sixty-three siblings and children’ with 
hypercholesterolemia, tendon nodules occurred 
in only 17.4 per cent of those zero to nineteen 
vears of age, in 52.2 per cent of those twenty to 
thirty-nine years of age, and in 88.3 per cent of 
those forty years of age or more. Furthermore, 
the prevalence of tendon nodules increases with 
the height of the serum cholesterol level. 

For these reasons the hypothesis of incomplete 
dominance does not appear to apply to this 
disorder as observed in this study. The primary 
manifestation appears to be hypercholesterole- 
mia which is present in early life, while the 
appearance of secondary manifestations such as 
tendon nodules, xanthelasma, skin xanthoma 
and coronary artery disease are dependent upon 
time and the severity of the lipid abnormalities. 

Are these results at odds with those obtained 
by Boas and Adlersberg and by Wilkinson? In 
their studies it was agreed that hypercholes- 
terolemia was inherited as a simple dominant 
trait, but they believed that xanthoma appeared 
only in the presence of the homozygous state. 
Boas and Adlersberg give information for thirty- 
five families [7]. There were five matings in 
which a person with the “full syndrome” had 
children. Of the nine children, three had normal 
serum cholesterol levels according to their 
criteria, rather than the hypercholesterolemia 
demanded by their hypothesis. There were two 
matings in which both parents had hypercholes- 
terolemia. Of six children, three had xanthoma, 
two had hypercholesterolemia and one was 
normal. These numbers are too small to permit 
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valid conclusions. Thus their data are incon- 
sistent with the hypothesis of incomplete dom1- 
nance. Wilkinson gives data for a very large 
kindred {9]. However, the matings necessary to 
test the hypothesis of incomplete dominance 
were not present, for there was only one mating 
of a person with xanthoma and only one mating 
of two hypercholesterolemic persons. The results 
of his study could be explained by the hypothe- 
sis of incomplete dominance but are equally well 
explained by the hypothesis of simple domi- 
nance. Thus the results of the foregoing studies 
are not in disagreement with the present study. 

However, the possibility that the homozygous 
state produces a more severe form of the disorder 
has not been ruled out, and there are some data 
suggesting that children in whom xanthoma 
tuberosa and tendinosa develop at a young age 
with severe lipid abnormalities may represent 
this state. 

The prevalence of familial hypercholesterole- 
mic xanthomatosis is not known. It has been 
suggested by Adlersberg |/4| and his associates 
75) that familial hypercholesterolemia without 
xanthomatosis is the same disorder. Their 
studies demonstrated a prevalence of 4.1 to 5.5 
per cent of familial hypercholesterolemia in 
hospital populations. However, tendon nodules 
were rarely observed in these persons and the 
prevalence of hypercholesterolemia in_ the 
children and siblings of affected persons was 
only about 35 per cent. These differences 
from the present study and from that of Piper 
and Orrlid suggest that the disorder or disorders 
studied by Adlersberg and associates were not 
the same as familial hypercholesterolemic 
xanthomatosis. Until the identity of these groups 
is established, the genetic and clinical data con- 
cerning familial hypercholesterolemic xantho- 
matosis cannot be applied with assurance to 
cases of idiopathic hypercholesterolemia. 


CONCLUSIONS 


1. Several diseases which appear to be, in 
part at least, genetically determined predispose 
persons to the development of atherosclerosis. 
These include diabetes, hypertension, idiopathic 
hyperlipemia and familial hypercholesterolemic 
xanthomatosis. Except for the last, the methods 
of inheritance of these disorders has not been 
settled. 

2. Familial hypercholesterolemic xantho- 
matosis is associated with a high prevalence of 
coronary heart disease presumably as a result of a 
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basic abnormality in lipid metabolism. It is 
inherited by simple Mendelian dominance. 
Hypercholesterolemia is present from early life, 
while the appearance of xanthoma and coronary 
heart disease is dependent upon time and the 
severity of the lipid abnormalities. 
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Clinico-pathologic Conference 


Chronic Cough, Dyspnea and Cor Pulmonale 


TENOGRAPHIC reports edited by Lillian Recant, m.p. and W. Stanley Hartroft, m.p. 
S of weekly clinico-pathologic conferences held in the Barnes and Wohl Hospitals, are 
published in each issue of the Journal. These conferences are participated in jointly by 
members of the Departments of Internal Medicine, Preventive Medicine and Pathology 
of the Washington University School of Medicine and by Junior and Senior medical 
students. In the present conference an unusual departure from protocol was occasioned 
by the visit of Dr. Harry Zimmerman, Director of Laboratories at the Montefiore Hospi- 
tal and Professor of Pathology at Columbia University in New York City. We should like 
to express our appreciation to him for conducting and editing the pathologic portion of 


this conference. 


HE patient (No. 12,262) was a Negro man, 

forty-seven years of age, who was admitted 
to the Montefiore Hospital because of chronic 
cough and dyspnea of one year’s duration. About 
one year before admission, he had a pain in the 
chest, cough and rusty sputum, associated with 
fever, which required hospitalization at another 
institution. A diagnosis was made of lobar 
pneumonia, and the symptoms subsided with 
penicillin therapy. During the ensuing year 
several episodes of exertional dyspnea and 
anterior chest pain occurred. 

The patient had worked as a rock driller in a 
quarry from age twenty-seven to thirty-two. He 
was never edematous but usually slept on two 
pillows. Cough was chronic and productive of 
small amounts of vellow sputum. 

Physical examination revealed the patient to 
be a very muscular adult in no acute distress. 
The anteroposterior diameter of the chest was 
increased; the lungs were clear. The heart was 
enlarged to the left with the point of maximal 
impulse in the sixth intercostal space at the 
anterior axillary line. A moderately harsh 
systolic apical murmur, somewhat distant heart 
sounds and a questionable gallop were heard. 
P2 was greater than A2. The liver and spleen 
were not felt. There was no clubbing of the fin- 
gers and no obvious cyanosis. The blood pressure 
was 120/80 mm. Hg and the pulse 88 per 
minute. 

The laboratory data were as follows: Hemo- 
globin, 13.5 gm.; white blood cell count, 4,900 / 
cu. mm. with a normal differential count. Uri- 
nalysis was negative. Blood serologic test for 
syphilis (Kolmer) was 4 plus. Spinal fluid 
serology was negative. Sputum was positive for 
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Friedlander’s bacilli, type A. Repeated cultures 
of sputums for acid fast organisms were negative. 
Blood urea nitrogen was 13 mg./100 ml. and 
the fasting blood sugar was 84 mg./100 ml. 
Serum electrolytes were normal. 

A suspicion of pneumoconiosis was enter- 
tained and cor pulmonale with congestive heart 
failure was diagnosed. Congenital heart disease 
was also considered. Therapy consisted of 
aerosol penicillin, 0.1 gm. digitalis leaf a day for 
three weeks and frequent mercurials. Despite 
repeated recovery of Friedlander’s organisms in 
the sputum, the patient remained afebrile. 
Blood serologic test for syphilis was positive on 
several repeated examinations. Following 8 mil- 
lion units of penicillin in fourteen days, a definite 
progressive fall in the serologic titer was noted. 

The chief complaint remained marked short- 
ness of breath on exertion. Roentgenograms of 
the chest revealed a fine reticular pattern in the 
upper halves of the lungs. Second strength old 
tuberculin gave a positive skin test. Electro- 
cardiograms revealed right axis deviation. 
Fluoroscopic examination disclosed enlarge- 
ment of the main branches of the pulmonary 
artery as well as increased size of the right 
ventricular inflow and outflow tracts; the aorta, 
the barium-filled esophagus and the left ventricle 
were normal. 

The patient was subject to attacks of severe 
anxiety, marked hyperpnea and tachycardia 
after slight exertion. During the time of greatest 
stress he was able to lie flat and the electro- 
cardiogram showed a rapid heart rate with very 
slight S-T depression. During the early part of 
the course in the hospital, while on digitalis, the 
patient’s venous pressure and circulation time 
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were repeatedly normal, even during the attacks 
of dyspnea. Later in his course, while still taking 
a salt-poor diet and some considerable time after 
digitalis had been stopped, his venous pressure 
and the circulation time were abnormal (VP 
14 cm. H2O, rising to 16.5 on hepatic pressure; 
decholin® time, thirty-five seconds; ether time, 
thirteen seconds). The liver became palpable 
and tender, although the lungs remained clear. 
The patient responded quite well to administra- 
tion of mercurials and diuretics, especially when 
ammonium chloride was also given. Oxygen 
saturation studies showed 19.7 volumes per cent 


in the femoral artery (97 per cent saturated), 


9.6 volumes per cent in the vein. There was no 
change in saturation after exercise. Cardiac 
catheterization studies disclosed a low cardiac 
output; increased right auricular, right ventric- 
ular and pulmonary artery pressures (impression 
was that of a markedly increased pulmonary 
arterial resistance). Angiocardiography sug- 
gested impaired pulmonary blood flow. Angio- 
graphy of the pulmonary vascular tree indicated 
enlargement of the entire right side of the heart 
and of the main pulmonary artery branches. 

The patient was given a course of terramycin 
therapy and responded with diminution in cough 
and with an increased ability to exercise without 
dyspnea. During the five succeeding months of 
the patient’s hospital residence, the blood urea 
nitrogen slowly rose to 55.8 mg./100 ml. He died 
unexpectedly during the night, about six months 
after his admission to the hospital. 


CLINICAL DISCUSSION 


Dr. EpwArpD REINHARD: This forty-seven 
year old Negro gave a history of pain in the 
chest, cough, rusty sputum and fever, one year 
before his admission to the Montefiore Hospital. 
A diagnosis of pneumonia was made. He was 
treated with antibiotics and appeared to 
respond. However, thereafter he complained of 
persistent cough and dyspnea. He also suffered 
several attacks of anterior chest pain with ex- 
acerbation of the dyspnea. He had no acute 
symptoms. One can assume that he was admitted 
to the hospital for diagnostic studies because 
his condition was becoming progressively worse. 
In the past history, the most pertinent feature 
was the fact that this man worked as a rock 
driller in a quarry from about the age of twenty- 
seven to the age of thirty-two. Since he died at 
age forty-seven he had had no exposure to rock 
dust for a period of fourteen or fifteen years. 


The diagnostic problem concerns the etiology 
of his chronic cough, dyspnea and cardiac dis- 
ease. Dr. Humphreys, would you review the 
roentgenograms? 

Dr. Humpureys: [he heart was en- 
larged in the frontal and in the oblique projec- 
tions indicating that the enlargement was right 
ventricular and right auricular. No obvious left 
auricular enlargement was seen but there 
appeared to be some degree of left ventricular 
enlargement. The main and the hilar vessels 
were abnormally large. There were some 
sclerotic plaques in the aorta rather unusual in 
degree for a patient of this age. Pleural thicken- 
ing was present bilaterally. In the lung fields an 
abnormal reticular pattern was seen which 
in general followed the distribution of the smaller 
pulmonary vessels. There was some linearity and 
nodularity in the densities, at the level of and im- 
mediately adjacent to these smaller pulmonary 
radicals. Examinations of the hands and feet 
were obtained in search for the lesions of sar- 
coidosis. No bony lesions were seen. A film 
obtained about four months after the first 
examination showed progressive enlargement of 
the right side of the heart. The parenchymal 
pulmonary markings appeared a little more 
linear indicating that the densities had been 
organizing. My diagnoses would be: pulmonary 
hemosiderosis; pulmonary arteriolar disease; 
pulmonary arteriolar hypertension; pul- 
monale; dilatation of the main and hilar pulmo- 
nary arteries; right ventricular, right auricular 
and left ventricular enlargement; arterioscle- 
rosis in the aorta and dorsalis pedis vessels. 

Dr. REINHARD: Do you think there were 
nodules in the lungs? 

Dr. HumpuHreys: Yes. That was the basis for 
my first diagnosis, namely pulmonary hemo- 
siderosis. The changes resemble those seen in 
chronic mitral stenosis. 

Dr. REINHARD: Let us first consider the nature 
of this patient’s cardiac lesion. We will then dis- 
cuss the underlying pulmonary diseases which 
were possibly responsible for the cardiac lesion. 
The patient had a harsh but softened systolic 
murmur at the apex, a questionable gallop, and 
the second pulmonic sound was accentuated 
over the second aortic sound. Roentgenograms 
showed enlargement predominantly of the right 
side of the heart. The electrocardiogram taken 
shortly after admission showed only right axis 
deviation. The oxygen saturation of the femoral 
arterial blood was normal, and this was not 
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altered by exercise. | assume from these data 
that we may exclude the cyanotic forms of con- 
genital heart disease as well as lesions producing 
an A-V shunt in the lungs. Dr. Bercu, will you 
begin the discussion. 

Dr. Bernarp Bercu: Any significant left to 
right shunt was ruled out at catheterization. In 
the absence of evidence of the usual types of heart 
disease associated with left ventricular hyper- 
trophy and failure and with the major changes in 
the right side of the heart, one could reasonably 
exclude the possibility that left ventricular 
failure produced the pulmonary hypertension. 
We have no evidence to suggest mitral disease. 
On the basis of the catheterization data, pul- 
monary hypertension is probably the primary 
entity and the heart disease is secondary. 

Dr. RetmnHarD: Dr. Smith, would you agree 
that this patient had cor pulmonale or do you 
think we must consider any other heart disease? 

Dr. JoHn R. Smiru: The data are more com- 
patible with cor pulmonale than with any other 
cardiac disease. The dyspnea suggests that there 
was significant occlusion of the pulmonary 
arteries. I visualize small pulmonary emboli as 
part of this process; it is not unlikely that these 
emboli may have incited pulmonary athero- 
sclerosis. One other entity should be suggested. 
The patient’s serology was positive and there 
were calcific plaques in the aorta. These data 
raise the question of syphilitic aortitis. While this 
diagnosis cannot be made here, it should be 
mentioned. 

Dr. REINHARD: Would you comment on the 
fact that this patient, even during attacks of 
marked hyperpnea and tachycardia, was com- 
fortable lying perfectly flat. 

Dr. SmitH: This phenomenon is frequently 
striking in persons who have obstructive pul- 
monary disease due either to pneumoconiosis or 
to emboli. The assumption is that the cardiac 
output may be increased by the horizontal 
position which enhances blood flow to the heart 
through the inferior vena Cava. 

Dr. REINHARD: The venous pressure and cir- 
culation time, when first measured, were nor- 
mal, but during the later months of the patient’s 
stay in the hospital, both values became signifi- 
cantly elevated. The liver became palpable 
‘although edema was never described. The pa- 
tient was certainly in heart failure, and I 
shall assume in the remaining discussion that he 
had cor pulmonale secondary to pulmonary 
hypertension. 


OCTOBER, 1957 


663 


Dr. Goldman, this patient was a rock driller. 
Do we have to consider pneumoconiosis? 

Dr. ALFRED GOLDMAN: The history is lacking 
in important details. We should like to know 
exactly what his occupation was; what he used in 
drilling rock; whether or not he used a jack 
hammer; whether or not water was used in the 
process; whether or not he wore a mask; 
whether he was on the inside or the outside? The 
kind of rock of course would also be important. 
However, he worked at this occupation for only 
four years—not a long industrial history for the 
production of pneumoconiosis. Further, the 
symptoms started fifteen years later. If the 
symptoms were related to drilling he probably 
would have had trouble long before. The x-ray 
is compatible with silicosis but the process 
certainly was not very extensive. Often one can- 
not predict from the roentgenogram the degree 
of dyspnea or disability that a person may have, 
particularly when the silicosis affects the blood 
vessels and does not produce large shadows. In 
this case, silicosis can be discounted as a possible 
cause of the pulmonary hypertension. 

Dr. REINHARD: Dr. Harford, will you discuss 
the presence of Friedlander’s bacilli repeatedly 
found in the patient’s sputum? The organism is 
certainly a pathogenic one but can occasionally 
be cultured from the sputum, and rarely from 
the stool, of normal individuals. 

Dr. Cart HarForp: In the field of classifica- 
tion of bacteria, this particular group produces a 
tremendous amount of confusion. People use the 
terms Friedlander, Klebsiella and Aerobacter. I 
assume that in this case, the organism was a 
coliform bacillus with a mucoid colony and a 
capsule and that a specific swelling reaction was 
obtained with the type A antiserum. Under 
these circumstances it is usually stated that in 
about 5 per cent of cultures from the respiratory 
tract the organism may be obtained. Although 
we do not routinely type the Friedlander 
organism in our laboratory, we find mucoid 
encapsulated coliform bacilli more frequently 
than that. 

Dr. REINHARD: This patient remained com- 
pletely afebrile throughout his hospital course. 
His white blood cell count on admission was 
4,900 per cu. mm. with a normal differential 
leukocyte pattern. Do you think we are safe in 
assuming that he did not have a significant 
Friedlander’s bacillus infection of the respiratory 
tract? 

Dr. Harrorp: I think we are safe in saying 
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that he did not have acute Friedlander’s pneu- 
monia which is usually a very severe type of 
pneumonia with a high case fatality rate. Cases 
of chronic infection of the lung with Fried- 
lander’s bacillus have been described which 
sometimes simulate pulmonary tuberculosis or 
bronchiectasis. Most of these patients have 
fever, or some change in the white blood count or 
differential. However, there are rare patients 
who have normal leukocyte levels. In this case it 
is unlikely that the Friedlander’s bacillus was 
concerned in a pulmonary infection. 

Dr. REINHARD: Our “host”? was apparently 
living in peaceful symbiosis with these bacteria. 
We seem to be in agreement that the patient 
had cor pulmonale due to pulmonary arterial 
hypertension from increased vascular resistance 
in the lungs. The next question concerns the 
type of pulmonary lesion which can produce 
these events. Mitral valvular disease has already 
been mentioned but seems unlikely. Emphysema 
may produce these changes, and the patient did 
have some degree of emphysema, but it seems 
improbable that this condition could explain 
the entire clinical course. Widespread tuberculo- 
sis, extensive disease of the lungs with pneumo- 
nectomy and severe kyphoscoliosis can also 
invoke cor pulmonale. There is certainly nothing 
in our patient’s story to suggest any of these 
diseases. Diffuse pulmonary arteriosclerosis must 
be seriously considered. 

Dr. Bercu: In the absence of arterial-venous 
shunts and in a= person with pulmonary 
hypertension the diagnosis of diffuse  pul- 
monary arteriosclerosis must be entertained 
and is difhcult to rule out. However, in my 
experience the lung fields are fairly clear in this 
disorder. 

Dr. Sout SHERRY: Primary pulmonary arterio- 
lar hypertension would have to be considered. 
I would be interested in knowing what the 
pulmonary wedge pressure was, because usually 
the pulmonary capillary pressure is normal in the 
face of pulmonary arteriolar constriction. 

Dr. Bercu: I would assume that the wedge 
pressure was probably normal. If the wedge 
pressure is accurately measured (by that I mean 
the catheter is wedged into a_ peripheral 
arteriole), one is actually measuring capillary 
pressure. Real wedge pressure should approach 
left auricular pressure. 

Dr. REINHARD: For example, if we had a 
lesion obstructing the arteries in the lung, then 
wedge pressure would be normal, perhaps even 
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low, since the blood that gets into the capillaries 
is eliminated. 

Dr. Bercu: Correct. 

Dr. REINHARD: It seems important to note 
that all the lesions mentioned thus far would not 
be likely to cause nodularity of the lung. I have 
been inclined to eliminate all of them on that 
basis. Multiple pulmonary emboli does however 
suggest itself as the next diagnosis to be con- 
sidered. Dr. Smith, what is the possibility that 
this patient might have had multiple emboli to 
the lung that were so small that none of them 
produced an infiltrate of any size and yet ac- 
counted for these tiny nodules? 

Dr. SmitH: Experimentally one can inject 
miliary suspensions of fibrin, for instance, into 
the venous blood stream to embolize the lung 
and ultimately to produce pulmonary athero- 
sclerosis in rabbits and dogs. If showers of emboli 
occurred slowly, cor pulmonale should result. 
As a matter of fact, this event seems to have 
occurred in a number of cases described by 
Owen et al. * Nobody knows where these miliary 
emboli originate but they apparently are so 
small when they reach the lungs that they impact 
the vessels which are near arteriolar size. The 
literature reports that there may be resultant 
pulmonary shadows of one type or another, 
although they are not very clearly described. 

Primary pulmonary thrombosis involving 
moderately large pulmonary vessels may be so 
extensive as to imitate pulmonary embolism 
with resultant cor pulmonale. It is rare and the 
process should have been more acute than it was 
in this patient. In many of the cases of so-called 
primary pulmonary thrombosis, there is no 
distinct underlying lesion and the cause of the 
thrombi has remained uncertain. 

Dr. REINHARD: Other possible diagnoses may 
be considered under the heading of chronic 
fibrotic pulmonary disease, such as diffuse 
interstitial fibrosis. There are perhaps several 
varieties of this process, one of which is the 
Hamman-Rich syndrome. 

Dr. Bercu: All the data in our patient are 
compatible with this possibility. 

Dr. Humpnureys: Dr. Reinhard, I believe 
there is more cardiac involvement than there is 
pulmonary disease which would be just the 


* Owen, W. R., THomas, W. A., CASTLEMAN, B. and 
BLaAnb, E. F. Unrecognized emboli to the lungs with 
subsequent cor pulmonale. New England J. Med., 249: 


919, 1953. 
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Fic. 1. Occlusion of pulmonary artery by organizing embolus. 


reverse of what is seen in the Hamman-Rich 
syndrome. 

Dr. REINHARD: Scleroderma can sometimes 
produce a fibrotic reaction in the lung. I am 
inclined to dismiss this possibility because there 
is nothing to go along with the diagnosis. Sar- 
coidosis is a lesion which is sometimes associated 
with considerable pulmonary fibrosis and nodula- 
tion. Berylliosis is also a possibility. Dr. Moore, 
will you discuss these? 

Dr. Cart Moore: There are no supporting 
data for either diagnosis and the prominence of 
the cardiac manifestations makes both unlikely. 

Dr. SHERRY: If we are dealing with a primary 
pulmonary disease involving pulmonary tissue 
we would expect an alveolar capillary-block and 
cyanosis would be a prominent feature, espe- 
cially with effort. In view of this, I believe we 
must place the lesion in the pulmonary vascular 
tree. 

Dr. REINHARD: The final diagnoses suggested 
are these: Cor pulmonale due to pulmonary 
hypertension; pulmonary vascular obstruction, 
probably embolic or thrombotic in _ origin, 
severe cardiac failure, predominantly right 
ventricular; treated syphilis which was unre- 
lated to the terminal illness. Granulomatous or 
fibrotic disease of the lungs cannot be excluded 
although these would be more apt to produce 
alveolar-capillary block with cyanosis. 


PATHOLOGIC DISCUSSION 


Dr. HARRY ZIMMERMAN: [ have not deliber- 
ately withheld any information. No wedge pres- 
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sures were taken. The man did work out of doors 
in a quarry, but I do not know the kind of 
granite he was working on. For this he used a 
jack hammer. He did not wear a mask nor was 
he injected with any glass beads. This man was a 
very muscular person, weighing 74 kg. He did 
not have any anatomic syphilis and he did not 
have Ayerza’s disease, which was considered at 
our hospital although he had never been out of 
the country. He was born in New York and re- 
mained there all his life. 

The lungs bilaterally were peppered in their 
smaller arterial branches with numerous ante- 
mortem blood clots. (Fig. 1.) This points to an 
atheroma in a vessel which was distally occluded 
by an organized embolus. Many vessels of the 
lungs showed this picture. The emboli were in 
various stages of organization. Many of the 
terminal arterioles in both lungs were involved 
in this fashion, and extending in a retrograde 
manner, that is, back toward the heart, there 
were superimposed organizing thrombi. None 
of the major pulmonary arteries was occluded. 
There was minimal pulmonary fibrosis. 

We found none of the characteristic lesions of 
berylliosis and the patient did not break fluores- 
cent lights. He had worked after his quarry 
experience for a period of some years as a binder 
in a paper factory, and then had done some 
janitorial work in a housing project. As far as we 
know, the lesions of siderosis were not present in 
this subject. He had no siderotic nodules in either 
lung to account for the picture one saw by x-ray. 
It was my belief, and I hope you wili agree with 
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Fic. 2. Inflow tract of the hypertrophied and dilated 
right ventricle. Note also the greatly enlarged right 
atrium. 


me, Dr. Humphreys, that the little nodularities 
noted in the roentgenograms were occluded 
arterioles seen on cross section. At any rate, there 
were no fibrotic lesions and no evidence of 
siderosis. Nor were there evidences of infarcts 
in these lungs. The fact that all stages of organ- 
ization of blood clots were present, makes us 
believe that these insults to the lung were on 
the basis of multiple vascular embolizations 
which occurred over a period of considerable 
time. 

There was evidence of pulmonary hyperten- 
sion determined on the basis of atherosclerosis of 
some of the pulmonary arterial radicles. There 
was much less atherosclerosis of the aorta than of 
the pulmonary arteries. There was no evidence 
of syphilitic involvement. 

The right lung weighed 900 gm. which is 
considerably heavier than normal, and the left 
weighed 800 gm. The heart weighed 550 gm., 
and even though the patient was a muscular 
person, there was considerable cardiac hyper- 
trophy and some cardiac dilatation. The heart 
was almost round with the apex of the right 
ventricle extending to the very apex of the heart 
itself, indicating a predominantly right sided 
hypertrophy. (Figs. 2 and 3.) There was an 
enormous tricuspid valve which was not in- 
volved by any inflammatory process. The right 
ventricle was huge with marked hypertrophy of 
the papillary muscles. The outflow tract of the 
right ventricle was quite large. There was a 
large cor pulmonale with no involvement of the 
pulmonic cusps themselves. There was rela- 


Fic. 3. Outflow tract of the right ventricle, disclosing the 
greatly enlarged conus pulmonalis. 


tively little involvement of the left auricle either 
by dilatation or hypertrophy. The mitral valve 
was entirely normal and there was a dilatation 
of the left ventricle, but only of a minimal 
degree. 

And now for the source of the pulmonary 
emboli. It has been mentioned that such a 
source is not always found and that is quite true, 
but in this case we were somewhat more 
fortunate. In dissecting out the _ prostatic 
plexus, many of the blood vessels were found 
thrombosed and the thrombi were in various 
stages of organization. Some had been organized 
in situ; others were still quite fresh. Rather careful 
examination was made of the veins of the legs, 
the iliacs, the femorals and the popliteals; they 
were all normal. Microscopic studies of the 
lesions in the lung failed to reveal inflammatory 
vascular changes, but there were thrombo- 
phlebitic changes in the prostatic plexus. 

The kidneys were essentially normal without 
evidence either of pyelitis or of arteriolar 
vascular disease. The liver showed severe chronic 
passive congestion with early cardiac cirrhosis. 
It weighed only 1,800 gm., which is slightly 
heavier than average. The spleen weighed 
400 gm., which is considerably enlarged. It 
was firm and also the seat of chronic passive 
congestion. 

The lungs were analyzed for silica and it was 
found that there was only a trace of silicon diox- 
ide per gram of dried lung tissue. For this reason 
it was concluded that not only was there no 
anatomic silicosis but that there was no chemical 


AMERICAN JOURNAL OF MEDICINE 


4. 
i ‘ 
‘ we 
» 


Chronic Cough, Dyspnea and Cor Pulmonale 667 


silicosis as well. There was no evidence of 
pneumonitis and we agree that the presence of 
Friedlander bacilli in this case was in the nature 
of a red herring. I already mentioned the fact 
that there was no aortitis. He had no sarcoidosis 
anywhere, including the lungs. We did not find 
pulmonary siderosis either, and there was no 
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mitral stenosis. Perhaps one should not even 
have suspected it. We found no evidence of 
aortic calcification, and it intrigues me that 
roentgenologically such a suggestion was made. I 
have seen such diagnoses made frequently 
without being able to confirm them always 
anatomically. 


Case Reports 


Megaloblastic Anemia Associated with 
Diverticula of the Small Bowel’ 


STUART R. TOWNSEND, M.D. and DouGLas G. CAMERON, M.D. 


Montreal, Quebec 


URING the past two years we have had the 
D opportunity to study three patients with 
moderate megaloblastic anemia and diverticula 
of the duodenum and small bowel. Early in 1954 
such an association of findings had not been 
reported and we speculated on the possible 
relationship between the anemia and the diver- 
ticula. It is known that a megaloblastic anemia 
follows total gastrectomy and occasionally occurs 
after partial gastrectomy [7] or strictures and 
anastomoses [2] of the small bowel. Macrocytic 
anemia has been reported in association with 
artificial diverticula of the small intestine in 
experiments performed on rats [3] and it seemed 
reasonable that a similar association might exist 
in naturally occurring diverticula of the small 
bowel in man. A case report by Dick [4] ap- 
peared to justify this hypothesis and continua- 
tion of our studies in such cases. 

This report deals with the findings in three 
patients and a discussion of the possible role of 
small intestinal diverticula in the pathogenesis of 
megaloblastic anemia. 

Our three patients were women with megalo- 
blastic anemia in whom diverticula were demon- 
strated in the duodenum, jejunum and ileum. 
None had undergone gastrointestinal surgery. 
Their ages ranged from fifty-nine to eighty years. 
Two had lost weight. One patient had free 
hydrochloric acid in the gastric juice but did not 
have steatorrhea. These findings seemed to 
exclude a fortuitous association of small intestinal 
diverticulosis with pernicious anemia or idio- 
pathic steatorrhea in this case. One of the remain- 
ing patients had gastric achlorhydria and latent 
steatorrhea, while the other had gastric achlor- 
hydria but did not have steatorrhea. In two 
patients it was possible to demonstrate stasis 


in the diverticula for a period of hours. One 
patient had a mild prothrombin deficiency. 
There was no evidence of iron deficiency, renal 
or liver disease in any of these cases. Osteo- 
malacia or clubbing of the fingers was not 
demonstrated. 

Fat balance studies were undertaken in each 
case. The daily diet was.calculated from food 
tables to contain 70 gm. of fat, 60 gm. of protein 
and 360 gm. of carbohydrate; 70 gm. of fat were 
contributed by three foods—-milk, butter and 
eggs. Observations were made over an eight-day 
period in two patients and six days in one. One 
patient (Case 1) had evidence of a latent stea- 
torrhea. Faecal nitrogen values in this patient 
excluded a pancreatic origin for the condition. 

Treatment in all cases was instituted with 
parenteral vitamin By,» alone. In two patients 
(Cases 1 and m1) the reticulocyte response was 
irregular but in spite of this normal red cell count 
and hemoglobin values were reached and main- 
tained with this therapy alone. General im- 
provement in health, with gain in weight and 
clearing of the glossitis (Case 1), occurred in both 
patients. In one patient (Case 1) By therapy 
resulted in a retikulocyte peak, although not 
quite as high as would be anticipated in perni- 
cious anemia. However, we are of the opinion 
that this diagnosis cannot be excluded in this 
patient. General improvement in health also 
resulted, with gain in weight and clearing of the 
glossitis. No other form of treatment was re- 
quired to complete the control of the megalo- 
blastic anemia in any of the three patients. A 
general sense of well-being, with normal blood 
values, has been maintained with parenteral 
vitamin Bj. therapy for almost two years in all 
three patients. 


*From the McGill University Clinic of The Montreal General Hospital. Presented in part at the vi Congress, 
International Society of Hematology, Boston, Massachusetts, August 27, 1956. 
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CASE REPORTS 


Case 1. A seventy-nine year old woman had suf- 
fered weakness and fatigue for a year. She presented 
with weight loss, glossitis and megaloblastic anemia 
(red cell count, 2.23 million per cu. mm.; packed red 
cell volume, 21 per cent and hemoglobin, 6.8 gm. per 
cent). A sternal puncture showed megaloblastic bone 
marrow. Her tongue was smooth and atropic. There 
was no free hydrochloric acid in the gastric juice and 
no neurologic abnormality. The serum iron (75 ug.) 


and unsaturated iron binding capacity (300 ug.) were. 


within normal limits. The serum vitamin By. (266 
uug.) was low. Fat balance studies over an eight-day 
period revealed latent steatorrhea (daily fecal fat 13 
gm., representing 18 per cent of intake; daily fecal 
nitrogen, 1.5 gm.) 

CasE ur. An eighty year old woman presented 
with a history of weight loss, paresthesia of the hands 
and feet, and megaloblastic anemia (red cell count, 
2.96 million per cu. mm.; packed red cell volume, 26 
per cent and hemoglobin, 10.1 gm.). Sternal puncture 
revealed megaloblastic bone marrow. Her tongue 
was not smooth or atrophic. There was no free hydro- 
chloric acid in the gastric juice and no neurologic 
abnormality was demonstrated. The serum iron (63 
ug.) and unsaturated iron binding capacity (240 ug.) 
were within normal limits. There was no steatorrhea 
(daily fecal fat, 4.6 gm. and daily fecal nitrogen, 0.64 
gm.). The serum vitamin By2 (188 uwug.) was low. 


Case w. A fifty-nine year old woman _ was 
admitted with abdominal discomfort and anorexia. 
Investigation revealed no weight loss but she had a 
megaloblastic anemia (red cell count, 2.4 million 
per cu. mm.; packed red cell volume, 20 per cent and 
hemoglobin, 7.2 gm.). Sternal puncture showed a 
megaloblastic bone marrow. The prothrombin time 
(twenty-three seconds) was prolonged. Free hydro- 
chloric acid was present in her gastric juice. There 
was no glossitis and no neurologic disorder. The serum 
vitamin By; (203 ug.) was low. The serum iron (55 
ug.) and unsaturated iron binding capacity (368 ug.) 
were within normal limits. There was no steatorrhea 
(daily fecal fat, 5.5 gm., and fecal nitrogen, 0.66 gm.). 


COMMENTS 


Duodenal diverticula are not uncommon in 
most hospital populations. They are often asso- 
ciated with diverticula in the jejunum and ileum. 
Many are demonstrated in the course of barium 
investigations to elucidate vague gastrointestinal 
symptoms. ‘Traumatic rupture, perforation, 
fistula, hemorrhage and obstruction have been 
reported [5]. The importance of hemorrhage 
from jejunal diverticula has been emphasized in 
a number of cases [6]. 

The syndrome of obstruction, consisting of 
vague abdominal discomfort, colic, nausea, 
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vomiting and constipation, has been described 
and attributed to defective voluntary move- 
ment of the bowel [7]. In 1949 a case was re- 
ported in which there was a lowered serum 
protein, raised fecal fat and some diarrhea [8]. 
It is possible that a deficiency syndrome existed 
in this case, although this was not suggested by 
the author. A deficiency syndrome, consisting of 
small intestinal diverticula, steatorrhea and 
megaloblastic anemia, was clearly described 
in 1955 [4]. Similar reports in British literature 
have followed [9,70]. 

Manifestations of steatorrhea following opera- 
tions on the gastrointestinal tract are protean. 
In our cases of diverticula of the small bowel the 
manifestations were equally variable. They in- 
cluded weight loss, glossitis, prothrombin defi- 
ciency, achlorhydria, latent steatorrhea and 
megaloblastic anemia. They may occur singly 
or in combination and occasionally, no doubt, all 
findings might occur in the same patient. 

The abnormal mechanism in diverticula of the 
small bowel may operate in a manner similar to 
that which occurs in gastrocolic fistula or 
enterocolic anastomoses. Stagnation has been 
demonstrated in the diverticula and often exists 
for some time. With this stagnation a changing 
bacterial flora may be an important factor. 
These are the factors which seem to operate in 
the experimental bowel anastomoses in rats in 
which a macrocytic anemia developed. 


SUMMARY 


A study of three cases has shown that weight 
loss, glossitis, megaloblastic anemia, prothrombin 
deficiency, gastric achlorhydria and steatorrhea 
may occur in association with diverticula of the 
small bowel. Iron deficiency, osteomalacia and 
clubbing of the fingers have not been en- 
countered to date. 

The mechanism by which small bowel 
diverticula produces megaloblastic anemia is 
obscure. As in the malabsorption syndrome, 
elucidation of the mechanisms involved must 
await further knowledge. However, in our three 
cases the serum vitamin By» levels were low and 
the hematologic responses to parenteral vitamin 
Bis therapy were satisfactory. This strongly sug- 
gests that megaloblastic anemia was due to a 
vitamin By» deficiency. 


REFERENCES 


1. Bapenocn, J., Evans, J. R., RicHarps, W. C. D. and 
Wirts, L. J. Megaloblastic anemia following 
partial gastrectomy and gastro-enterostomy. British 
Jour. Haemat., 1: 339, 1955. 


670 


CAMERON, D. G., BENsLEY, E. H., ENGiisw, A. and 
Woop, P. Steatorrhoea following operations on the 
gastrointestinal tract. Canad. M. A. J., 73: 819, 
1955. 

CAMERON, D. G., Watson, G. M. and Wirrts, L. J. 
Clinical association of macrocytic anemia with 
intestinal stricture and anastomoses. Blood, 4: 793, 
1949. 

CAMERON, D. G., Watson, G. M. and Wirrts, L. J. 
Experimental production of macrocytic anemia by 
operation on intestinal tract. Blood, 4: 803, 1949. 

Dick, A. P. Association of jejunal diverticulosis and 
steatorrhoea. Brit. Mf. J., 1: 145, 1955. 

WARTHEN, H. J. Diverticulosis of the jejunum; a 
frequently overlooked source of gastrointestinal 
bleeding. Virginia M. Monthly, 80: 203, 1953. 


Megaloblastic Anemia with Small Bowel Diverticula— Townsend, Cameron 


6. D. D., McManon, J. A. and Kiery, J. P. 


10. 


Massive gastrointestinal hemorrhage due _ to 
jejunal diverticula. J. A. M. A., 142: 1258, 1950. 
Puivuips, J. H. C. Jejunal diverticulosis; some clinical 

aspects. British J. Surg., 40: 350, 1953. 

Monruscui, E. Jejunal insufficiency with hypopro- 
teinemic oedema. Proc. Roy. Soc. Med., 42: 868, 
1949. 

BapENocH, J., Beprorp, P. D. and Evans, J. R. 
Massive diverticulosis of the small intestine with 
steatorrhoea and megaloblastic anaemia. Quart. J. 
Med., 24: 321, 1955. 

GELLMAN, D. D. Diverticulosis of the small intestine 
with steatorrhoea and megaloblastic anaemia. 

Lancet, 11: 873, 1956. 


AMERICAN JOURNAL OF MEDICINE 


5. 
9 
4 


Gangrene of the Fingers in 
Periarteritis Nodosa’ 


G. AusTIN GRESHAM, M.D. and Davip N. PHEAR, M.D. 
Cambridge, England 


AYNAUD’s phenomenon commonly occurs in 
disseminated lupus erythematosus but it is 
rarely seen in periarteritis nodosa [3|. Gangrene 
of the extremities is also rare in periarteritis 
nodosa. Several authors have described small 
necrotic plaques on the digits, but only two 
cases with massive digital gangrene have been 
reported [7,2]. 
We here describe a case of periarteritis nodosa 
with recent severe Raynaud’s phenomenon, 
rapidly progressing to gangrene of all the fingers. 


CASE REPORT 


A man, aged thirty-one, was admitted to the hos- 
pital on August 12, 1954. During the three weeks be- 
fore admission he had had attacks of pallor and 
coldness of the fingers, lasting for ten minutes at a 
time. For a week the fingers and thumbs had been 
persistently blue-grey and painful. On the day before 
admission the ankles became swollen and red. He 
did heavy work in a timber-yard and used no vibra- 
tory tools. 

On admission, the terminal parts of all the fingers 
were dusky white, cold and extremely tender. Cuta- 
neous sensation was impaired over the finger-tips. 
The toes were normal. There was erythema and 
oedema over the ankles, with a macular erythematous 
and purpuric rash over the lower shins and dorsal 
surfaces of the feet. Radial pulses and pulses in the 
feet were normal. The blood pressure was 175/115 
mm. Hg. 

The urine contained much protein with abundant 
red cells and a few granular casts. The leukocyte count 
was 14,000 per cu. mm. with 85 per cent poly- 
morphonuclears, 6 per cent lymphocytes, 7 per cent 
monocytes and 2 per cent eosinophils. The erythrocyte 
sedimentation rate (Westergren) was 100 mm. per 
hour. No lupus erythematosus cells were seen. Blood 
urea was 33 mg. per cent and serum protein 8.8 gm. 
per 100 ml. with excess of a 2 and vy globulins. A 
radiograph of the chest was normal. An electrocardio- 
gram showed left bundle branch block. 

In spite of treatment with corticotrophin, priscol 


and nicotinic acid the fingers continued to deteriorate. 
Bilateral brachial plexus block and _ intra-arterial 
priscol produced flushing up to the ischaemic zone, 
but no improvement of the finger tips. Pain became 
increasingly severe and the finger tips became frankly 
gangrenous. (Figs. 1 and 2.) Amputation of all eight 
fingers through the middle or terminal phalanges 
was therefore performed on December 15, 1954 
(Mr.-R. W. Butler and Mr. T. J. Fairbank). Follow- 
ing amputation his general condition improved 
considerably and he was discharged on January 26, 
1955 continuing treatment with corticotrophin gel, 
30 mg. daily. 

He was readmitted on February 28, 1955. During 
the past ten days both legs had become swollen up to 
the groins, with a purpuric rash. He was now dyspnoeic 
on slight exertion. The blood pressure was 180/100 
mm. Hg. Both legs were conspicuously oedematous 
and there was tenderness over the right femoral vein 
in the mid-thigh. Rales were heard at both lung bases. 
A radiograph of the chest showed an area of consolida- 
tion in the right costophrenic angle suggestive of a 
pulmonary infarct. The blood urea was now 106 mg. 
per cent. Again no lupus erythematosus cells were 
found. A diagnosis of bilateral femoral vein throm- 
bosis and pulmonary infarction was made. With rest 
and a low salt diet the oedema subsided. He was dis- 
charged on March 11, 1955 taking 25 mg. cortico- 
trophin gel daily. 

After discharge he became increasingly dyspnoeic 
and was readmitted on March 21, 1955. He was 
cyanosed and orthopnoeic. Coarse rales were heard 
throughout both lungs. Treatment was of no avail. 
He began to cough up profuse bloodstained sputum, 
and died with acute pulmonary oedema on the same 
day. 

At necropsy the heart was enlarged mainly due to left 
ventricular hypertrophy. The right femoral vein was 
filled with old adherent thrombus and recent throm- 
bus was lying loose in the iliac veins on both sides. 
There was moderate oedema of both lungs and each 
pleural sac contained approximately 300 ml. of clear 
yellow fluid. A brown triangular area of induration, 
2 by 1 cm., was seen in the anterior basal segment of 
the right lower lobe. The kidneys were large and pale. 


* From the Addenbrooke,s Hospital, Cambridge, England. 
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The cortex was pale and broad, studded with purple 
dots and with the normal striate pattern obscured. 

Histologic examination of the amputated fingers 
showed necrosis of all parts of the digital tissue, to- 
gether with infiltrations of polymorphonuclear leuko- 
cytes in the walls of small arteries. 

In the kidneys small arteries showed lesions of 
periarteritis. Most glomeruli were enlarged with 
areas of focal fibrosis, capsular adhesions and epithelial 
crescents. The area of the lungs seen macroscopically 
was an infarct. Serial sections of the “‘conducting 
tissue’’ of the heart were examined. No lesion was 
found which could explain satisfactorily the left bun- 
dle branch block, although occasional small foci of 
polymorphonuclear leukocytes were seen in the 
ventricular septum. 

Arteries in the stomach serosa, suprarenal and pec- 
toral muscle also showed recent lesions of periarteritis. 


SUMMARY 
A case of periarteritis nodosa is described, 
presenting with severe Raynaud’s phenomenon 
rapidly progressing to gangrene of all the fingers. 


Acknowledgment: We are grateful to Dr. 
Laurence C. Martin for permission to publish 
this report. 
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to prevent and /or control 


 POSTOPERATIVE’NAUSEA 


AND VOMITING 
i * ¥ 


Dramamine 


Brand of Dimenhydrinate 


All 8,849 patients received the Dramamine routine: 


66 This consists of administration of 1 cc. (50 mg.) of dimenhydri- 
nate intramuscularly on call to surgery, of 1 cc. (50 mg.) intra- 
muscularly on return from surgery, and then 1 cc. (50 mg.) 
intramuscularly every four hours for four doses. . . . dimenhy- 
drinate has reduced the incidence of postoperative vomiting by 
approximately 50 per cent. 99 


Moore, D. C., and Others: Intramuscular Use of 
Dimenhydrinate (Dramamine) to Control Post- 
operative Vomiting, J.A.M.A. 159:1342 (Dec. 3) 
1955. 


Dramamine Ampuls, serum type, 250 mg. in each 5 cc. 


Research in o f Medicine 
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The 

Upjohn Company 
announces 

a major 
corticostero} 
improvement 


minor 
chemical 
changes 
(an mean 
mayor 
therapeutic 


tmprovements 


Medrol 


The most 
efficient of all 
anti-inflammatory 
steroids 


Supplied: Tablets of 4 mg., in bottles 
of 30 and 100. 


MTRADEMARK FOR METHYLPREDNISOLONE, UPJOHN 


Now 
CH, Medrol 


e Lower dosage 


(4 lower dosage 
than 
prednisolone) 


Better tolerated 


(less sodium 
retention, less 
gastric irritation) 


For 

complete information, consult 
your Upjohn representative, 

or write the Medical Department, 
The Upjohn Company, 


Kalamazoo, Michigan. 


Upjohn 
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in menopausal turmoil 


rapid relief 


prolonged action 


unvarying potency 


HEAD COLD 


PHENAPHEN PLUS 


Phenaphen Plus is the physician-requested each coated tablet contains: Phenaphen 


combination of Phenaphen, plus an anti- Phenacetin(3gr). . . 
Acetylsalicylic Acid (2% gr.) . 162.0 mg. 

histaminic and a nasal decongestant. Phenobarbital (4 gr.) . . . . 16.2 mg. 
Hyoscyamine Sulfate .. . . 0.031 mg. 

plus 

Prophenpyridamine Maleate. . 12.5 mg. 

Available on prescription only. Phenylephrine Hydrochloride . 10.0 mg. 
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antitussive: 


f Romilar CF brings new comfort and ease 


to your patients with colds and other 
respiratory disorders by providing more 
complete symptomatic control. Romilar 
CF syrup combines the benefits of an anti- 
histaminic, a decongestant, and an anal- 
gesic-antipyretic with the effective cough 
suppressant action of Romilar Hydrobro- 
mide*— the non-narcotic cough specific 
with codeine’s antitussive effect but with- 
out codeine’s side effects. 


Each teaspoonful (5 cc) of Romilar CF 
provides: 

Romilar © Hydrobromide*..... 15mg 
Chlorpheniramine Maleate... . .1.25 mg 
Phenylephrine Hydrochloride... 5mg 
N-acetyl-p-aminophenol ....... 120mg 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc 
Nutley, New Jersey 


* Brand of dextromethorphan hydrobromide 
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CITRUS BIO-FLAVONOIDS 


One average-size peeled orange 
provides approximately 1,000 
milligrams of the newly-recognized 
citrus bio-flavonoids. 


Reproduced from an 


18th century print 


Of the FIFTY different health values known to be in a fresh 
orange, several are found mainly in the “meat” of the fruit. 


These include the important bio-flavonoids, protopectins, 

and pro-vitamin A. In fact, an average-size Sunkist Orange 

provides 10 times more bio-flavonoids, 10 times more pro- 

topectins and 3 to 6 times more pro-vitamin A than an 
equal amount of frozen orange juice. 

These values in the meaty part of oranges _ oranges for eating and fresh orange juice 

are the reason why more and more nutri- (with healthful solids left in it). And, of 


tionists and doctors are recommending course, they recommend Sunkist Oranges 
fresh oranges for their patients... fresh ...always the highest quality. 


Sunkist Or ang @S from California and Arizona 
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“...in the treatment of 90 patients with low back pain and other 
muscular conditions...67 (74 per cent) showed a good response 
following treatment with Flexin.”! 


“In acute and chronic recurrent low back syndrome, seven of eight 
patients showed visible objective improvement.” 


“A high percentage of patients with these conditions [sprains, muscle 
strains and contusions, low back disorders, fibrositis, bursitis, myo- 
sitis, and spondylitis] may be expected to be benefited by the drug 
with attending relief of muscle spasm discomfort.”’? 

-©% (1) Johnson, H. J., Jr.: To be published. (2) Settel, E.: Am. Pract. & Digest 


Treat. 8:443 (March) 1957. (3) New and Nonofficial Remedies, J.A.M.A. 162:205-207 
(Sept. 15) 1956. 


2P'E9 Pink, enteric coated tablets (250 mg.), bottles of 36. Yellow, scored 
tablets (250 mg.), bottles of 50. 


Laboratories, Inc « Philadelphia 32, Pa. 
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# Relieves cough quickly and thor- 
oughly # Effect lasts six hours and 
longer, permitting a comfortable 
night’s sleep = Controls useless 
cough without impairing expecto- 
ration ™ rarely causes constipation 
= And pleasant to take 


Syrup and oral tablets. Each teaspoon- 
ful or tablet of HycoDAN* contains 5 mg. 
dihydrocodeinone bitartrate and 1.5 mg. 
Mesopin.? Average adult dose: One tea- 
spoonful or tablet after meals and at 
bedtime. May be habit-forming. Avail- 
able on your prescription. 


*U.S. PAT. 2,630,400 


COUGH THERAPY 


EVER 


ICATED 


ENDO LABORATORIES 
Richmond Hill 18, New York | 


i BRAND OF HOMATROPINE METHYLBROMIDE 
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Takes the 
suesswork 
out of thyroid 
replacement 
therapy 


TRIONINE 


dl-triiodothyronine Roche 


a new metabolic accelerator 


For more prompt and definitive results in hypometabolic states arising 
from (1) thyroid hypofunction or (2) impaired utilization of thyroid 
hormone at the tissue level 


TRIONINE ‘Roche’ is pure, synthetic triiodothyronine, the ultimate metabo- 
lite of thyroglobulin which acts at the tissue-cell level. 


Advantages: 

FASTER RESPONSE—L nlike desiccated thyroid. thyroglobulin or thy- 
roxin. the metabolic effects of TRIONINE are 
manifested within 24 to 72 hours. The consist- 
ency of its action merits the use of TRIONINE 
for diagnostic purposes in borderline cases. 


RAPID ELIMINATION withdrawal. therapeutic action ceases 
with equal rapidity. Consequently, toxicity due 
to cumulative effects or overdosage is unlikely. 


CONSISTENT, PREDICTABLE RESPONSE—T/RIONINE is a pure crystal- 
line chemical of unvarying composition. Con- 
stant response from a given dose is assured. 


Fifty micrograms of TRIONINE are approximately equal 
in calorigenic activity to 1% grains desiccated thyroid, 


HOFFMANN-LA ROCHE INC «+ NUTLEY, N. J. 
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prednisolone alone (or other 
corticoids) 


rthritic-Rheumatic Disorders 


OVER 
corticoid-salicylate combinations 


OVER 


other corticoid-tranquilizer com- 
binations 


Emotional 
Stabilization 


Clinical 
Control 


Toleration 


... ATARAXOID includes control 
of fear, anxiety | 


...tranquilization enhances 
prednisolone effect for superior 


improvement 


...corticoid requirements are 
frequently reduced by 25-50% 


...corticoid side effects are 
significantly reduced or elimi- 
nated 


Patient 
Management 


... tranquilization greatly facili- 
tates cooperation 


... ATARAXOID includes control 
of fear, anxiety 


... tranquilization eases muscle 
tension (relieving aching and 
stiffness) precludes anxiety- 
induced flare-ups 


...@nhanced corticoid control 
frequently superior 


... corticoid maintenance levels 
compare favorably; often lower 


...ho salicylate side effects 


...reduced corticoid side effects 
compare favorably 


... tranquilization greatly facili- 
tates cooperation 


*Individual Case Reports, Chas. Pfizer & Co., Ine. 


fizer PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, New York 


... only ATARAXOID provides the 
unique, specific, consistently 
effective tranquilizer, ATARAX 


... tranquilizer enhancing effect 
is more consistent 


... eStablished by outstanding 
results in 94% of 919 cases” 


... tranquilizer dosage levels 
are the lowest 


... more consistent tranquiliza- 
tion often permits lower corti- 
coid dosage 


... tranquilizer control is the 
safest --and free of mental 


“fogging” 


... reduction of corticoid com- 
plications more consistent 


...more consistent, uncompli- 
cated tranquilization means 
better cooperation 
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REPRINT ORDER FORM 
THE AMERICAN JOURNAL OF MEDICINE 
11 East 36th Street, New York 16, N. Y. 


Please send me the following Seminars reprinted from THE AMERICAN 
JOURNAL OF MEDICINE: 


O GASTROINTESTINAL PHYSIOLOGY $2.00 
BLtoop COAGULATION $2.00 
© ANTI HYPERTENSIVE DruGs $2.00 
1 HemMorytic ANEMIAS $2.00 
(] CARBOHYDRATE METABOLISM $2.00 
ALLERGY $2.00 
O DISEASES OF THE PANCREAS $2.00 

$2.00 


Bone DISEASE 


Enclosed is my check 


Name 
Address 


City 


State 


when anxiety and tension “erupts” in the G. |. tract... 


ILEITIS 


PATHIBAMATE 


Meprobamate with PATHILON ® Lederle 


Combines Meprobamate (400 mg.) the most widely prescribed tranquilizer . . . helps control 
the “emotional overlay” of ileitis — without fear of barbiturate loginess, hangover or 


habituation... w2// PATHILON (25 mg.) the anticholinergic noted for its extremely low toxicity 


and high effectiveness in the treatment of many G.I. disorders. 
Dosage: 1 tablet t.i.d. at mealtime. 2 tablets at bedtime. Supplied: Bottles of 100, 1,000. 


* Trademark ® Registered Trademark for Tridihexethy!l lodide Lederle 
LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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For 


Speedy 


Return To Normal Nutrition 


in the congestive phase 


of cardiac disease 


Meat fits well into the moderate-protein, restricted-sodium, 
acid-ash diet currently recommended for many patients with 
congestive cardiac failure. ' 

The protein of meat—in the proportionate arrangement 
of its essential amino acids—closely approaches the quanti- 
tative proportions needed to promote human tissue synthesis 
and repair. For this reason lean meat proves important in 
maintaining positive nitrogen balance without excessive pro- 
tein intake. 

The sodium content of meat prepared without added 
salt is relatively low. Per 100 grams, beef muscle meat shows 
approximately 50 mg. of sodium, lamb 90 mg., pork 60 mg., 
and veal 50 

The acid ash of meat aids in the promotion of diuresis. 

The easy digestibility of meat is a prime requisite of 
foods specified for the patient with congestive cardiac disease. 

In addition to these important features, meat contrib- 
utes other nutritional factors essential in any convalescence 
—the B vitamins thiamine, riboflavin, niacin, pantothenic 
acid, Bs, and By, and the minerals iron, phosphorus, potas- 
sium, and magnesium. 


1. Odell, W. M.: Nutrition in Cardiovascular Disease, in Wohl, M. C., and Goodhart, R. S.: 
Modern Nutrition in Health and Disease, Philadelphia, Lea & Febiger, 1955, p. 699. 

2. Bills, C. E.; McDonald, F. G.; Niedermeier, W., and Schwartz, M. C.: Sodium and Potassium 
in Foods and Waters, J. Am. Dietet. A. 25:304 (Apr.) 1949. 


The nutritional statements made in this advertisement 
have been reviewed by the Council on Foods and Nutri- 
tion of the American Medical Association and found 
consistent with current authoritative medical opinion. 


American Meat Institute 
Main Office, Chicago... Members Throughout the United States 
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“Mediatric”’ will help make the “senior” years 
more pleasant and enjoyable. 


‘Mediatric” is specially formulated to counteract the adverse influence of declining gonadal 
function, nutritional inadequacy and emotional instability. 


‘Mediatric” contains estrogen and androgen in amounts that will effectively supplement 
reduced gonadal hormone production; nutritional supplements carefully selected to meet 
the needs of the patient; and a mild antidepressant to promote a brighter mental outlook. 


Available in tablets, capsules, and liquid. 


“MEDIATRIC;’ 


Steroid-Nutritional Compound 


IN PREVENTIVE GERIATRICS 


5660 


Ayerst Laboratories + New York, N. Y. * Montreal, Canada 


Me 
j 
& 
4 
% 
4 4 ¥ 
a 
<4 
» 
P 
\ 
@ 


78 


specific vitamin 


7 therapy from 


the express wagon 
set to the juke box 


Jills and Joes 


SQUIBB 
introduces 


SQUIBB VITAMINS FOR THERAPY 


AN junior 


now... the time-tested, clinically proved 
Theragran formula especially adapted and 
encapsulated to meet your needs for vitamin 
therapy in children and adolescents 


Fach small, easy-to-take 
Theragran Junior capsule supplies: 


Vitamin D ceeeeeeeee.e, 4000 U.S.P. units 
Ascorbic acid 100 mg. 
Pyridoxine hydrochloride .... 2 meg. 
d-Calcium pantothenate =O ME 
Vitamin activity concentrate 10 meg. 
DOSAGE: 


1 or 2 capsules daily, or as directed by the physician. 


SUPPLY: 


Bottles of 30 and 100 capsules. 


Other members of the distinguished Theragran 
family: 


THERAGRAN 
THERAGRAN-M 
THERAGRAN LIQUID 


Squibb Quality—the Priceless Ingredient 


*“THERAGRAN’ 15 A TRAOLMARK % 
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FOR THE ENTIRE RANGE OF RHEUMATIC-ARTHRITIC 


DISORDERS —from the mildest 
to the most severe 


many patients with MILD involvement can be effectively 
controlled with 


many patients with MODERATELY SEVERE involvement 
can be effectively controlled with 


and NOW for patients with 
SEVERE involvement 


SED TABLETS 


The first meprobamate-prednisolone therapy 


the one antirheumatic, antiarthritic that 
simultaneously relieves: (1) musclespasm 
(2) joint inflammation (3) anxiety and 
tension (4) discomfort and disability. 


SUPPLIED: Multiple Compressed Tablets 
in three formulas: ‘MEPROLONE’-5— 
5.0 mg. prednisolone, 400 mg. meproba- 
mate and 200 mg. dried aluminum hy- 
droxide gel. ‘MEPROLONE’-2— 2.0 mg. 
prednisolone, 200 mg. meprobamate and 
200 mg. dried aluminum hydroxide 
gel. ‘MEPROLONE’-1 supplies 1.0 mg. 
prednisolone in the same formula as 
"“MEPROLONE’-2. 


S MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., INC. 
PHILADELPHIA 1, PA. 


"MEPROLONE'’ is « trademark of Merck & Co., Inc. 
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for those with 


PARKINSONISM 


“...in our experience procyclidine (Kemadrin) proved a worthy 
addition to the therapy of parkinsonism, because it afforded relief 
to many patients who had failed to respond to other drugs. It 
exerts an action against all symptoms of parkinsonism... hence it 
may be employed as the basic drug in commencing treatment 
with new cases.” 


Zier, A. and Doshay, L. J.: Procyclidine Hydro- 
chloride (Kemadrin) Treatment of Parkinsonism 
in 108 Patients, Neurology (July) 1957. 


“ in our series of 30 severe Parkinsonism sufferers, 21 obtained 
moderate to good relief with the use of this new agent, Kemadrin, 
in combination with other drugs.” 

Lerner, P. F.: Kemadrin, a New Drug for Treat- 


ment of Parkinsonian Disease, J. Nerv. & Ment. 


Dis. 123:79 (Jan.) 1956. 


Smoother activity, 


and brighter expression 


Also indicated for the treatment of drug-induced 
symptoms resembling parkinsonism, developing 
during treatment of mental patients. 


*‘KEMADRIN’ brand Procyclidine Hydrochloride 
Tablets of 5 mg., scored. Bottles of 100 and 1,000. 


bral BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N.Y. 


© improves cerebral 
blood flow? 


e reserpine raises the 
threshold of emotional 
response... stifles neu- 
rogenic aggravation of 
the disease 


increases cardiac effi- 

ciency... may arrest the 

progress of vascular 
damage!’ 


improves renal 
blood flow 


acting in concert®...to control the entire 
syndrome of essential hypertension 


Unitensen-R combines cryptenamine and reserpine which “act in 
concert” to treat the hypertensive patient as a whole. When given 
together these components produce a far better therapeutic effect 
than when given separately. Successful therapy is usually maintained 
with dosages well below those producing side effects. 


Each gray-coated Unitensen-R tablet contains: 


Cryptenamine (tannates) ......... . 1.0mg. 


Dosage: | tablet t.i.d. 
For prescription economy, prescribe in 50’s. 


To serve your patients today—call your pharmacist for any addi- 
tional information you may need to help you prescribe Unitensen-R. 


1. Finnerty, F. A.: Am. J. Med. 17: 629, 1954. 2. 


eee Fy _ Tp)” McCall, M. L.; Sass, D. K.; Wagstaff, C., and Cut- 
wr | = ler, J.: Obst. & Gynec. 6: 297, 1955. 3. Cohen, B. 
“sy . | M.; Cross, E. B., and Johnson, W.: Am. Pract. & 


Digest Treat. 6: 1030, 1955. 


IRWIN, NEISLER & CO. DECATUR, ILLINOIS 
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PRACTICAL 
DIET THERAPY 


A every physician makes use of nu- 
tritional principles and practice in his 
daily work. This is the point of view 
underlying The American Journal of Clin- 
ical Nutrition which conceives of nutrition 
as an adjunct in the total care of every 
patient. Cutting across arbitrary boun- 
daries of specialties, nutrition is used by 
internist, surgeon, pediatrician and obstetri- 
cian alike. It has been called “the corner- 
stone of preventive medicine, the hand- 
maiden of curative medicine, and the re- 
sponsibility of every physician.” 

As part of our objective of integrating 
modern concepts of nutrition into clinical 
practice, The American Journal of Clinical 


Nutrition features a series of authoritative 
articles in the field of diet therapy. Written 
by eminently qualified experts in the field 
these concise, up-to-date reviews are pre- 
pared for the clinician in practice. ‘The 
articles in this series have attracted con- 
siderable interest and in order to make 
them conveniently available for reference 
and use the publishers have reprinted them 
in a combined form. This seminar on 
practical nutrition presents a point of view 
rarely found in traditional textbooks or 
monographs offering a guide to better prac- 
tice which is, after all, the goal of all med- 
ical workers. 


80 Pages—12 Charts 
PRICE $2.00 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
11 East 36th Street, New York 16, N. Y. 


when anxiety and tension “erupts” in the G. |. tract... 


spastic 
and irritable colon 


PATHIBAMATE 


Meprobamate with PATHILON® Lederle 


Combines Meprobamate (400 m g.) the most widely prescribed tranquilizer... helps control the 
“emotional overlay” of spastic and irritable colon—without fear of barbiturate loginess, hangover or 
habituation ... we//;) PATHILON (25 mg.)the anticholinergic noted for its extremely low toxicity 


and high effectiveness in the treatment of many G.I. disorders. 
Dosage: | tablet t.i.d. at mealtime. 2 tablets at bedtime. 


Supplied: Bottles of 100, 1,000. 


* Trademark @ Registered Trademark for Tridihexethy! lodide Lederle 
LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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Doctor , do you feel that your colleagues are miss- 


ing important new medical findings by not 


reading The American Journal of Medicine? 


Let us send them a complimentary copy—of 
course there is no obligation to you or your 


colleagues. Just fill out the coupon and mail 


it to US. 
Dr. | : Dr. 
Address Address 
Dr. Your Name 
Address Address 


A.J.M. 10/57 


The American Journal of Medicine 
11 East 36th Street, New York 16, New Yor 


A simple but neglected diagnostic procedure 


Proctosigmoidoscopy is the only accurate method of polyp 
detection.’ Yet internists and general practitioners, upon whom 
diagnosis often depends, continue to neglect it.' 


Preparation for proctosigmoidoscopy in office or hospital is 
greatly simplified by the FLEET ENEMA Disposable Unit. 
Cleansing is thorough yet gentle, permitting a clear field,’ and 
more effective than one or two pints of soap suds or tap water.” 


FLEET ENEMA contains, per 100 cc., 16 Gm. Sodium Biphos- 
phate and 6 Gm. Sodium Phosphate, in a ready-to-use squeeze 
bottle with self-lubricated, anatomically correct rectal tube. 


1. Crumpacker, E. L,, et al, AMA Arch. Int. Med. 98:314, 
1956. 2. Swinton, N. W., Surg. Clin. No. Am, 35:833, 1955. 


FLEET ENEMA 
Disposable Unit 


C. B. Fleet Co., Inc., Lynchburg, Virginia 


Makers of Phospho-Soda (Fleet) 
A laxative of choice for over 60 years 
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they’re not well... 


but they are well fed 


ustagen 


the only single food 


- builds tissue 
- promotes well-being 


- accelerates rehabilitation 
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underweight 


~ MEAD JOHNSON 


SYMBOL OF SERVICE IN MEDICINE 
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NOW- EFFECTIVE STEROID HORMONE 
THERAPY OF RHEUMATIC AFFECTIONS 
WITH GREATER SAFETY AND ECONOMY 


Pahbalate|with 
Hydrocortisone 


Clinical evidence 
indicates that, in 
Pabalate-HC, the 
synergistic antirheu- 
' matoid effects of 
hydrocortisone, 
salicylate, para-aminobenzoate, and ascor- 
bic acid achieve satisfactory remission of 
symptoms in up to 85% of cases studied 


—with a much higher degree of safety 


FORMULA —even when therapy is maintained for 


In each tabler long periods 


Hydrocortisone alcohol 2. g. 
Potassium salicylate 7 —at significant economy for the patient 


Potas my para-a minobenroate ase 
Ascorbic acid 50.0 mg. 
four del Each tablet of Pabalate-HC contains 2.5 FOR YOUR 
| Two tablets four times daily 
mg. of hydrocortisone — 50% more potent PRESCRIPTION 


_ than cortisone, yet not more toxic. NOW 


Additional information on reque: 


A. H. ROBINS CO., INC. RICHMOND 20, VIRGINIA 
c Ethical Pharmaceuticals of Merit since 1878 


PABA 


in health and disease 
“ 
remains basic | 


Regardless of the dietary 


adjustment indicated, 
Enriched Bread helps supply 
needed nutrients...protein, 
energy, vitamins, minerals... 


and is always compatible. 


AMERICAN BAKERS ASSOCIATION 
20 North Wacker Drive . Chicago 6, Illinois 
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24 steps to a hospital bed 


The commonest task, such as climbing a flight of 
stairs, confronts the angina pectoris patient with a 
fearful question: “Will I be able to make it?” 


Exertion leads to attacks . . . and fear of attacks leads 
to an increasing restriction of activities. Ultimately, 
even the attack-free intervals may lose all semblance 
of normal living. 


Remove the fear factor. In 4 out of 5 patients, routine 
prophylaxis with Peritrate reduces the incidence and 
severity of anginal attacks, improves abnormal EKG 
tracings and increases exercise tolerance. 


A new sense of freedom restores the “cardiac cripple” 
to a sense of usefulness and participation, although he 


should not now indulge in previously prohibited stren- 
uous exercise. | 

Pericrate prophylaxis is simple: 10 or 20 mg. before 
meals and at bedtime. The specific needs of most pa- 
tients are met with Peritrate’s five convenient dosage 
forms: Peritrate 10 mg. and 20 mg. tablets; Peritrate 
Delayed Action (10 mg.) for protection continued 
through the night; Peritrate with Phenobarbital (10 
mg. with phenobarbital 15 mg.) where sedation is also 
required; Peritrate with Aminophylline (10 mg. with 
aminophylline 100 mg.) in cardiac and circulatory in- 
sufficiency. 


Usual Dosage: A continuous schedule of 10 to 20 mg. 
before meals and at bedtime. 


(brand of pentaerythritol tetranitrate) 


WARNER-CHILCOTT 


° 
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FOLIC ACID 


Primary agent in megaloblastic 
anemia of pregnancy 

and infancy, and sprue. 
Reinforces Bis in other 
macrocytic anemias. 


IRON 


Primary agent in microcytic 
anemia due to iron deficiency. 
is more active when vitamin C 
is present. 


NON-INHIBITORY 
INTRINSIC FACTOR 


Essential to the assimilation of 
oral in pernicious and other 
macrocytic anemias. 


VITAMIN B,, 


Primary agent 

in pernicious and 
nutritional macrocytic 
anemia, but is not 
assimilated orally 
without intrinsic factor. 
Reinforces folic acid 

in other macrocytic 
anemias. 


VITAMIN C 


Potentiates iron in 
microcytic anemia and 
folic acid in macrocytic 
anemias. 


Designed for hematinic potentiation 


No wasted dosage with PRONEMIA —each factor is present in the specific 
amounts required for true hematinic potentiation. Only one capsule daily for full 
oral therapy in any treatable anemia. (When divided dosage of this 

formula is preferred prescribe PERIHEMIN* Hematinic, 3 capsules daily). 


y Each PRONEMIA Capsule contains: 

ae Vitamin B,. with Intrinsic 

os Factor Concentrate 1 U.S.P. Oral Unit 
| Vitamin B,. (additional) 15 megm. 
Powdered Stomach 200 mg. 
Ferrous Sulfate Exsiccated 400 mg. 
Ascorbic Acid (C) 150 mg. 
HEMATINIC LEDERLE Folie Acid 4 me. 
LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, 
PEARL RIVER, NEW YORK "Rep U.S. Pat. Off. 
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unique 
derivative of 
Rauwolfia 


Harmonyl 


combines the full effectiveness of the rauwolfias 


with a new degree of freedom from side effects 


Harmony! makes rauwolfia more useful in 
your everyday practice. Two years of 
clinical evaluation have shown this new 
alkaloid exhibits significantly fewer and 


milder side effects than reserpine. Yet, © 


Harmony! compares to the most potent 
forms of rauwolfia in effectiveness. 

Most significant: Harmonyl causes less 
mental and physical depression—and far less 
of the lethargy seen with many rauwolfia 
preparations. 

Patients became more lucid and alert, for 
example, in a study’ of chronically ill, agi- 
tated senile cases treated with Harmonyl. 
And these patients were completely free 
from side effects—although a similar group 
on reserpine developed such symptoms as 
anorexia, headache, bizarre dreams, shakes, 
nausea and vomiting. 


Harmony! has also demonstrated its po- 
tency and relative freedom from side effects 
in hypertension. In a study comparing vari- 
ous forms of rauwolfia?, the investigators 
reported deserpidine “an effective agent in 
reducing the blood pressure of the hyper- 
tensive patient both in the mild to moder- 
ate, as well as the severe form of 
hypertension.”’ They also noted that side 
reactions were “less annoying and some- 
what less frequent”’ with this new alkaloid. 
Other studies confirm that few cases of gid- 
diness, vertigo or sense of detached exist- 
ence are seen with Harmonyl. 

Professional literature with complete in- 
formation on this unique new rauwolfia 
derivative is available upon request. 
Harmony] is supplied in 0.1-mg., 
0.25-mg. and 1-mg. tablets. 


References: 1. Communication to Abbott 
Laboratories. 1956. 2. Moyer, J. H. et al; 
Deserpidine for the Treatment of Hyperten- 
sion, Southern Medical J., 50:499, April, 1957. 


* Trademark for Deserpidine, Abbott 
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POCHE LABORATORIES - DIVISION OF HOFFMANN—LA ROCHE 


—brand of suifisoxazole 
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SULFONAM(DE SEMINAR. 


ROCHE LABORATORIES «+ DIVISION OF HOFFMANN—LA ROCHE ING. NUTLEY 10, 


Lipo Gantrisin Acetyi—brand of acety! sultisoxazole 
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METHANESULFONATE (GB ENZTROPINE METHANESUL FONATE) 


Basic therapy includes COGENTIN —by far the most 
effective single agent for all types of parkinsonism. 
With COGENTIN the parkinsonian patient can be 
offered freedom from tremor and rigidity through 
judicious combination therapy. The powerful anti- 
spasmodic action of COGENTIN helps correct mus- 
cle spasm, frozen states and posture.! 


“Benztropine |[COGENTIN]) was found to exerta highly 
selective action against certain symptoms of parkin- 
sonism such as no other current drug affords.... 
Because of its safety and high efficacy and the 
absence of increased tolerance, its administration 
should be added to the treatment program of every 


patient with paralysis agitans....’’ 2 
1. J.A.M.A. 156:680, 1954. 2. J.A.M.A. 162:1031, 1956. 


COGENTIN !S A TRADEMARK OF MERCK &@ CO. Inc 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO. PHILADELPHIA 1. PA 
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_ Open the door to optimism for your palsied patient 
COGENTIN. 
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Symposium on 
NUTRITION and BEHAVIOR 


A valuable 128-page special issue reporting the outstanding 
papers from the symposium on this important subject held 
under the sponsorship of the School of Public Health of the 
University of Minnesota with the cooperation of the Na- 
tional Vitamin Foundation, Inc. An important addition to 
your medical reading and your medical reference library. 


The guest edilor for this issue is Dr. Josef Brozek, Pro- 
fessor, School of Public Health, University of Minnesola. 


PRICE $3.00 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
ll East 36th Street, New York 16, N.Y. 


when anxiety and tension “erupts” in the G. I. tract... 


GASTRIC ULCER 


PATHIBAMATE 


Meprobamate with PATHILON ® Lederle 


Combines Meprobamate (400 mg.) the most widely prescribed tranquilizer . . . helps control | 
the “emotional overlay” of gastric ulcer — without fear of barbiturate loginess, hangover or 
habituation... w///: PATHILON (25 mg.) the anticholinergic noted for its extremely low toxicity 
and high effectiveness in the treatment of many G.I. disorders. | 

Dosage: 1 tablet t.i.d. at mealtime. 2 tablets at bedtime. Supplied: Bottles of 100, 1,000. 


* Trademark ® Registered Trademark for Tridihexethy! lodide Lederle 
LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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by mouth...by vein... 
palliation achieved in prostatic carcinoma 


STILPHOSTROL 


Tablets - Ampuls 


Diethylstilbestrol Diphosphate, AMES 


and safe to give very large doses...” 


@ Better tolerated than unphosphorylated stilbestrol 

@ Permits higher doses. for more effective palliation 

@ Benefits patients “...even after other estrogens have failed”? 

@ Relieves pain, reduces urinary symptoms and increases well-being 

@ Tablets permit initial or maintenance treatment of ambulatory as well as 
hospitalized patients 


1. Flocks, R. H.: J.A.M.A. /63:709 (Mar. 2) 1957. 


2. Flocks, R. H.; Marberger, H.; Begley, B. J., 
and Prendergast, L. J.: J. Urol. 74:549, 1955. 


For complete information, write to: 
Medical Department 


AMES 
COMPANY, INC - ELKHART, INDIANA 
AMES COMPANY OF CANADA, LTD., TORONTO 


37257 
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Susceptibility factors play an important part in the occurrence and spread of athlete’s foot. 
With the advent of warm weather, individuals who have had the disease are prone to exhibit 
recurrences or reinfection. Frequently, this can be prevented by the continuous prophylac- 


tic use of Desenex preparations. 


relieves itching 


stops fungal growth 
prevents recurrence 


SOWUTION 


_POWOER 


For most effective and convenient therapy and continuing pro- 
phylaxis, use Desenex as follows: AT NIGHT the Ointment 
(zincundecate)—1 oz. tubes and 1 Ib. jars. DURING THE DAY 
the Powder (zincundecate)—1'/2 oz. and 1 Ib. containers. AFTER 
EVERY FOOT BATH the Solution (undecylenic acid) —2 fl. oz. and 
1 pt. bottles. The Solution should not be used on broken skin. 
In otomycosis, Desenex solution or ointment. 


Write to Professional Service Department for free sample supply. 


MALTBIE LABORATORIES DIVISION + WALLACE & TIERNAN, INC. + Belleville 9, N.J. 


PO.75 
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SOLUBLE VITAMINS 


HIGH POTENCY B COMPLEX + 500 MG. VITAMIN C 
PARENTERAL 


Instantly Soluble in any 
Standard Diluent 


Just mix 5 ec. of any standard 
parenteral solution with a vial 
of PARLITE...it’s ready for 
intravenous tnjection or in- 
fusion use. PARLITE may also 
be used intramuscularly... 
costs no more than multiple- 
vial preparations. 


Each one-dose vial contains: 


Thiamine HCI (B,) mg. 


Riboflavin (Bs) 10 mg. 
Sodium Pantothenate 10 mg. 
Niacinamide 150 mg. 
Pyridoxine HC] (Bs) 5 mg. 
Vitamin By» 25 megm. 
Ascorbic Acid 500 mg. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK > 
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RELY UPON 
RAUDIXIN 

TO RELIEVE 
SOMATIC 

Increased pulse rate 


RELY UPON 
RAUDIXIN TO RELIEVE 
PSYCHIC SYMPTOMS 


Anxiety Headache Insomnia 
Excitation + Tension + Agitation 


ACHIEVE TOTAL MANAGEMENT OF YOUR HYPERTENSIVE PATIENTS 


Raudixin helps you achieve total management of your hypertensive patients. Blood pres- 
sure is gently lowered. The work load of the heart is decreased. Psychic symptoms such 
as anxiety and tension are relieved. You can also use the smooth tranquilizing actior of 
Raudixin on your tense and anxious normotensive patients. You will find that Raudixin 
has little, if any, effect on the blood pressures of such patients. Whole root rauwolfia 
(Raudixin) “is often preferred to reserpine in private practice, because of the additional 
activity of the whole root.’”’* Dosage: Two 100 mg. tablets once daily; may be adjusted within 
a range of 50 to 300 mg. daily. Supply: 50 and 100 mg. tablets, bottles of 100, 1000 and 5000. 


*Corrin, KM: Am Pract. & Dig. Treatment 8:721 (May 1957 


Squibb Whole Root Rauwolfia Serpentina 


squiee SQUIBB a5 Squibb Quality—the Priceless Ingredient 


PRESCRIBE 
\ 


DRY, SCALY SKIN 
DETERGENT RASH 
SUNBURN 

SIMPLE ECZEMA 
DIAPER RASH i 
‘DISHPAN’ HANDS f 
PRICKLY HEAT | 
CHAFING 


Superficial skin com- 
plaints usually respond 
dramatically to 

TASHAN CREAM ‘Roche’ 


Antiprurient, soothing, and healing — 
contains vitamins A, D, E, and d-Panthenol, 
in a cosmetically pleasing water-soluble 
base which fastidious patients will enjoy 


using. Hoffmann-La Roche Inc., Nutley, N. J. 


TASHAN 
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Hypertensive ... yet controlled 


with safer combination therapy 


Management of the hypertensive patient 
has become far less complicated with the 
use of combinations of antihypertensive 
drugs as adjuncts to the general regimen. 


Rauvera, the combination of alseroxylon 
and alkavervir, is much more effective 
than either drug alone.! There is an 
additive, if not synergistic action,? that 


provides full antihypertensive effects and 
makes it possible to administer smaller 
doses* of each drug. 


Rauvera causes no sudden drop in blood 
pressure, but provides gradual, sustained 
reduction...relieves anxiety and tension 
...sSlows accelerated pulse rate...and 
promotes a tranquil outlook on life. 


RAU VERA 


1 mg. alseroxylon « 3 mg. alkavervir in each scored tablet 


1. LaBarbera, J. F.: Med. Rec. & Ann. 50:242, 1956. 
2. Ledbetter, P. V., and Morrow, E. J.: J. Am. Geriatrics Soc. 3:172 
(March) 1955. 3. Wilkins, R.W.: Am. J. Med. /7:703 (Nov.) 1954. 


SMITH-DORSEY °a division of The Wander Company °* Lincoln, Nebraska 
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STOPS MORNING SICKNESS 


(86.9%)* 
‘* . . Bonadoxin is a great advance in the management of 
nausea and vomiting... .’’* 


To put your blue-at-breakfast patients back in the pink, 
prescribe BONADOXIN (usually one tablet at bedtime). 


Supplied: bottles of 25 and 100 tiny pink-and-blue tablets. 
Each tablet combines meclizine (25 mg.) and pyridoxine 
(50 mg.). Contraindications: none. 


And if they need a nutritional buildup with freedom from 
leg cramps'—remember STORCAVITE®. 


STORCAVITE? supplies 10 essential vitamins and 7 
important minerals, including iron and phosphate-free calcium. 


*Goldsmith, J. W.: Minn. Med. 40:99 (Feb.) 1957. : 
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Coming 
A Seminar on 


LIVER DISEASE 


in 


THE AMERICAN JOURNAL OF MEDICINE 


January—June, 1958 


when anxiety and tension “erupts” in the G. |. tract.., 


DUODENAL ULCER 


PATHIBAMATE 


Meprobamate with PATHILON ® Lederle 


Combines M eprobamate (400 mg.) the most widely prescribed tranquilizer . . . helps control 
the “emotional overlay” of duodenal ulcer — without fear of barbiturate loginess, hangover or 
habituation ... with PATHILON (25 mg.) the anticholinergic noted for its extremely low toxicity 
and high effectiveness in the treatment of many G.I. disorders. 

Dosage: 1 tablet t.i.d. at mealtime. 2 tablets at bedtime. Supplied: Bottles of 100, 1,000. 


* Trademark ® Registered Trademark for Tridihexethy! lodide Lederle 
LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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o lower blood pressure 


- to increase renal blood flow 
to decrease cerebral vascular tone 


SUPPLIED: 


2/2373¢8 


Ampuls, 1 mi., 20 mg. per mi. 


Tablets, 10 mg. (yellow, double-scored), 
25 meg. (blue, coated), 

50 meg. (pink, coated); 

bottles of 100, 500 and 1000. 


Tabtets, 100 mg. (orange, coated); 
botties of 100 and 1000. 
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IN PATIENTS WITH “ANXIETY—TENSION — FATIGUE” 


Mi town therapy In patients with anxiety-tension 


capacity to work 


5 1m” Pro VeS T Je cannot easily be made to stop contract- 


fatigue, electromyographic studies 
have shown that tense skeletal muscles 


ing. This is considered a major cause 
of their fatigue. 


Investigators’ have reported that af- 


Qe fH C en t V ter a course of ‘Miltown’ therapy such 


Cm. 5466 


muscles can be made to relax at will 
and can therefore more easily recover 
from fatigue. The authors consider this 
of great value in improving the indi- 
vidual’s capacity to work efficiently. 


1. Dickel, H A Wood, J. A. and Dison, H.H : Electromyographic 
studies on meprobamate and the working, anxious patient. Ann. 
New York Acad. Sc. 67:780, May 9, 1957. 

2. Dickel, H. A., Dixon, H. H., Wood, J. A. and Shanklin, J. G.: 
Electromyographic studies on patients treated with meprobamate. 
West. J. Surg. 64:197, April 1956. 


DISCOVERED 


AND 
INTRODUCED 
ue 
TRANQUILIZER WITH 
WALLACE 
LABORATORIES ] OW MUSCLE-RELAXANT 
Supplied: 2-methy!-2-n- propy!-1,.3-propanedio! dicarbamate 
400 mg. scored tablets. Potent 2,724,720 


200 mg. sugar-coated tablets. 
Literature and samples available on request. WW) WALLACE LABORATORIES, New Brunswick, N. J. 
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Nothing is 


Nothing is 


THE MEDIHALER PRINCIPLE 


Automatically measured-dose aerosol 
medications. In spillproof, leakproof, 
shatterproof, vest-pocket size dispensers. 
Also available in Medihaler-Phen™ 
(phenylephrine-hydrocortisone-neomycin) 
for prompt, lasting relief of nasal congestion. 


quicker... 


more effective... 


MEDIHALER-EPIT 


Epinephrine bitartrate 7.0 mg. per cc., suspended 
in inert, nontoxic aerosol vehicle. Contains no 
alcohol. Each measured dose 0.15 mg. actual 
epinephrine. 

For quick relief of bronchospasm of any 
origin. Acts more rapidly than subcutaneous 
epinephrine in acute allergic reactions. 


MEDIHALER-ISO 


Isoproterenol! sulfate 2.0 mg. per cc., suspended 
in inert, nontoxic aerosol vehicle. Contains no 
alcohol. Each measured dose 0.06 mg. actual 
isoproterenol. 
Unsurpassed for rapid relief in asthma, bron- 
chiectasis, emphysema. 
Prescribe Medihaler medication with 


Oral Adapter on first prescription. 
Refills available without Oral Adapter. 


LOS ANGELES 
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